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ABSTRACT 
 
The development of the electric vehicle (EV), coupled with the increase in 
desire to seek environmentally friendly alternatives to the internal combustion 
engine has seen the popularity of EVs rise significantly over the past decade. 
However, Australia remains a laggard in EV adoption. In 2018, approximately 
1,800 EVs were sold in Australia, which represents less than 0.2 per cent of 
the market. Thus, an improved understanding of consumers’ decision-making 
processes is essential for marketers and policy makers to effectively promote 
EV adoption. 
 
Consumer behaviour towards EVs has received significant attention over the 
past four decades, revealing the multitude of factors that influence decision 
making. Research to date has shown decision making to be a complex 
process, determined by vehicle attributes and a combination of 
sociodemographic, psychological and market forces. Nevertheless, research 
to date has been limited by its tendency to focus exclusively on either the role 
of observable constructs, such as vehicle attributes, or the role of 
psychological constructs. Typically, much of the research on consumers’ 
responses to EV attributes has applied economic theory and positioned 
consumers as optimising black boxes, neglecting the reasons underlying the 
formation of individual preference. In contrast, research applying psychological 
frameworks has been limited in its ability to provide economic insights into the 
value or willingness to pay (WTP) for EV attributes. Only a few studies have 
attempted to concurrently investigate both factors. Such studies have 
concentrated on a selection of psychological constructs including attitudes 
towards the environment, vehicle features and social forces. Attitudes or social 
forces studied in isolation are not sufficient to represent the complexity of 
human behaviour and thus further research is required across a greater 
number of constructs to improve the understanding of decision making and EV 
adoption.  
 
Further, the adoption of EVs in Australia has largely been neglected. Much of 
the research to date has been undertaken in the United States, Asia or across 
 vi 
 
European markets. Research specifically investigating Australian consumers’ 
adoption of EVs is therefore required. 
 
Given the gaps in the literature, the purpose of this thesis was to extend current 
knowledge on behaviour towards EVs, explicitly focusing on the Australian 
consumer. To understand the adoption process, a novel conceptual framework 
was developed and validated, integrating the constructs of Ajzen’s (1991) 
Theory of Planned Behaviour (TPB) into a discrete choice model (DCM), via a 
hybrid choice model (HCM). As is the case with DCMs, the HCM was modelled 
applying the economic Random Utility Theory (RUT), while integrating the 
constructs of the TPB. The foundation of the RUT enabled economic outputs, 
such as WTP, to be determined, while the inclusion of TPB constructs 
improved the behavioural realism of the model. 
 
Using stated preference data from over 500 Australian consumers, the 
conceptual framework was tested applying three models, culminating in the 
HCM. Major findings included confirmation that the prominent attributes of 
EVs, including purchase price, operating costs, driving range, emissions and 
acceleration time are all influential in the decision-making process.  
 
Further, the proposed framework integrating the TPB with DCM was able to 
highlight the central role of psychological constructs in influencing decision 
making. The constructs of the TPB, including attitude, subjective norms and 
perceived behavioural control were found to significantly influence purchase 
intention. In particular, the results suggested that attitude towards adoption 
and subjective norms are more influential than perceived behavioural control 
in determining intention. 
 
The results of the research also indicate that a preference for vehicle size, 
specifically large vehicles, and a preference for private vehicles as a mode of 
transport have a significant influence on the WTP for the attributes of EVs. The 
interaction between consumer preference for large vehicles and purchase 
price was found to be negative and significant at the 95 per cent confidence 
level. This result indicates that participants with a preference for large vehicles 
 vii 
 
react differently to price changes and place a lower value on the attributes of 
EVs. In addition, the interaction between consumers’ preference for vehicles 
as a mode of transport and purchase price was significant. This result implies 
that participants who prefer vehicles as a mode of transport are more price 
sensitive and place a lower value on the attributes of EVs, than those 
participants who prefer other modes of transport.  
 
The outcomes of this research extend existing knowledge by adding new 
perspectives to EV adoption in Australia, including the role of psychological 
constructs. Integrating the constructs of the TPB into the DCM provides a novel 
way of conceptualising behaviour, highlighting the importance of both vehicle 
attributes and psychological constructs in decision making. Further, through 
the validation of the conceptual framework, this thesis provides an enriched 
framework for concurrently investigating the role of both observable and 
psychological constructs. The framework can be applied in future research and 
by industry alike, to unfold the decision-making process behind the adoption 
of EVs. 
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CHAPTER 1. INTRODUCTION 
This introductory chapter presents an overview of the thesis, including a 
discussion of the background and context, research opportunity and research 
questions. The chapter then provides a brief overview of the developed 
conceptual framework and research methodology. The chapter concludes with 
an outline of the structure of the thesis. 
 
1.1 Research context 
It is well recognised that passenger vehicles, powered by the internal 
combustion engine (ICE) are one of the most dominant forms of personal 
transportation throughout the world (Cazzola et al. 2016). However, their 
widespread adoption has not come without consequences. The ICE has been 
criticised for its reliance on fossil fuels and high pollution rates, which have 
been associated with global warming (Cazzola et al. 2016; 2017; International 
Energy Agency 2018; Poullikkas 2015). In 2015, the transportation sector was 
responsible for 24 per cent of global greenhouse gas (GHG) emissions, with 
road transport accounting for over 75 per cent of the emissions in this sector 
(International Energy Agency 2018).  
 
The electric vehicle (EV) is an alternative to the ICE-powered vehicle, with the 
potential to address a number of problems associated with the ICE. Powered 
by an electric motor, mass adoption of the EV has the potential to significantly 
reduce emissions across the transportation sector (Mills & MacGill 2017; Woo, 
Choi & Ahn 2017). In Australia, the national science research agency, the 
Commonwealth Scientific and Industrial Research Organisation has estimated 
that EVs are already 50 to 70 per cent less emissions intensive than ICEs, 
even with the current electricity generation mix (Campey et al. 2017). Further 
benefits can also be realised where the electricity required to charge EVs can 
be obtained from clean energy sources such as solar and wind, reducing total 
emission and pollution levels.  
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The development of EVs, coupled with the increased desire for 
environmentally friendly alternatives to the ICE has seen the popularity of EVs 
rise significantly over the past decade. The adoption of EVs is being led by 
developed nations such as Norway, France and the United States (US), with 
a surge in EV adoption also being seen in China (Cazzola et al. 2017).  
 
Despite the increasing adoption of EVs across other markets, Australia’s 
adoption of EVs is inconsiderable. Sales of EV in Australia are virtually 
insignificant, at only 1,208 in 2017 (ClimateWorks Australia 2017). Given the 
low adoption rates, there is a need to improve the understanding of the factors 
that influence decision making and adoption.  
 
1.1.1 Overview of electric vehicles 
Several types of vehicles currently available in the market use electricity as 
either a partial or complete fuel source. These vehicles can be broadly grouped 
into three main categories. The first category is the pure electric or battery 
electric vehicle (BEV), referred to throughout the thesis as an EV. The second 
category is the hybrid electric vehicle (HEV) and the third, plug-in hybrid 
electric vehicle (PHEV). The focus of this research is EVs. To provide context 
for this research and distinguish between vehicle types, the following 
discussion outlines the differences. 
 
EVs are powered ‘solely by a rechargeable electric battery’ (Egbue & Long 
2012, p. 718). These vehicles have ‘an all-electric-drivetrain powered from a 
battery, which is recharged from the electricity supply’ (Graham-Rowe et al. 
2012, p. 141). HEVs are vehicles that ‘add an electric power train to an ICE 
vehicle’, combining the ‘conventional ICE system with an electric motor’ 
(Järvinen, Orton & Nelson 2012, p. 66). Many manufacturers have developed 
HEVs and commercially available models include the Toyota Prius, Ford 
Escape Hybrid and Honda Civic Hybrid. In an extension of the HEV, the PHEV 
vehicle has also been developed with the capacity to be ‘recharged from the 
electricity supply as well as via the ICE and through regenerative braking’ 
(Graham-Rowe et al. 2012, p. 141). Regenerative breaking assists in 
Chapter 1         Introduction 
 
3 
 
extending the driving range of the HEV by diverting the energy that would 
otherwise be lost when breaking, back into the vehicle’s battery. Another 
extension of the HEV is the range-extended electric vehicle. This vehicle is 
primarily driven by an electric drivetrain ‘with sufficient battery capacity for tens 
of kilometres of driving’, but can still ‘have a supplementary fuel tank and ICE 
that can be used to extend the range for longer journeys’ (Graham-Rowe et al. 
2012, p. 141). 
 
Relative to alternatives, the EV offers the greatest benefit in achieving 
emissions reductions in the road transport sector in Australia and is thus the 
focus of this thesis (Campey et al. 2017). However, at the time of data 
collection in 2016, only three EV models were available for purchase as new 
vehicles, including the Nissan Leaf (1st Generation), BMW i3 and Tesla Model 
S. Vehicle availability has since increased, with a number of manufacturers 
announcing plans to release new EV models into the Australian market in 
coming years. Table 1.1 presents an overview of the EVs currently available 
in Australia, either as new or used models, and those set for release in 2019. 
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Table 1.1: Summary of EVs available in Australia in June 2019 
New models available for purchase 
 BMW i3 (BMW 2018) 
• Year of introduction: 2014 
• Purchase price: ~A$75,000 
• Driving range: 190–260 km 
• Acceleration (0 to 100 km/hr): 7.3 sec 
• Size classification: small   
Tesla Model S (Tesla 2019) 
• Year of introduction: 2014 
• Purchase price: ~A$140,000  
• Driving range: 480 km 
• Acceleration (0 to 100 km/hr): 4.2 sec 
• Size classification: large 
 
Tesla Model X (Tesla 2019) 
• Year of introduction: 2016  
• Purchase price: ~A$148,000  
• Driving range: 475–565 km 
• Acceleration (0 to 100 km/hr): ~3–4 sec 
• Size classification: large  
Jaguar I-Pace (Jaguar Land Rover Limited 2019) 
• Year of introduction: 2018 
• Purchase price: ~A$120,000  
• Driving range (km): 470 km 
• Acceleration (0 to 100 km/hr): 4.8 sec 
• Size classification: large 
 
Hyundai Ioniq (Hyundai Motor Company 2019)  
• Year of introduction: 2018 
• Purchase price: ~A$49,000  
• Driving range: 230 km 
• Acceleration (0 to 100 km/hr): 9.9 sec 
• Size classification: small 
 
Renault Zoe (Renault Australia 2019) 
• Year of introduction: 2018 
• Purchase price: ~A$55,000  
• Driving range: 300 km 
• Acceleration (0 to 100 km/hr): 14.5 sec 
• Size classification: small  
Hyundai Kona EV (Hyundai Motor Company 2019) 
• Year of introduction: 2019 
• Purchase price: base model starts from 
~A$64,000  
• Driving range: 470 km 
• Acceleration (0 to 100 km/hr): 7.6 secs 
• Size classification: small 
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Table 1.1: Summary of EVs available in Australia in June 2019 
(continued) 
Used models available for purchase on second hand market 
Mitsubishi i-MIEV (Mitsubishi Motors 2018) 
• Year of Introduction: 2010  
• Purchase Price: ~ A$52,000  
• Driving range: 150 km 
• Acceleration (0 to 100 km/hr): 14 sec 
• Size classification: small  
Nissan Leaf 1st Generation (Nissan 2019) 
• Year of introduction: 2012 
• Purchase price: ~ A$40,000 
• Driving range: 135 kms 
• Acceleration (0 to 100 km/hr): 11.5 sec 
• Size classification: small 
 
New models scheduled for release in 2019 
Nissan Leaf 2nd Generation (Nissan 2019) 
• Year of introduction: 2019 
• Purchase price: ~ A$50,000  
• Driving range: 240 km 
• Acceleration (0 to 100 km/hr): <10 sec 
• Size classification: small  
 
Tesla Model 3 (Tesla 2019) 
• Year of introduction: 2019  
• Purchase Price: ~ A$60,000  
• Driving range: 350 km 
• Acceleration (0 to 100 km/hr): 5.6 sec 
• Size classification: large 
 
Kia Niro EV (Kia Motors 2019) 
• Year of introduction: 2019 
• Purchase Price: ~ A$60,000 
• Driving range: 310 km (estimated) 
• Acceleration (0 to 100 km/hr): 7.8 sec 
• Size classification: small  
Audi e-tron (Audi AG 2019) 
• Year of introduction: 2019 
• Purchase Price: From ~A$150,000 
• Driving range: 400 km (estimated) 
• Acceleration (0 to 100 km/hr): 5.7 sec 
• Size classification: large 
 
 
 
Only the Nissan Leaf (1st Generation), BMW i3 and Tesla Model S were available for purchase at the 
time of data collection in 2016. Vehicle size determined according to Federal Chamber of Automotive 
Industries (2019) segmentation criteria. 
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1.1.2 Adoption of electric vehicles 
The EV has a long and complex history of development (Schuitema et al. 
2013). The first EVs were developed in the US, United Kingdom (UK) and the 
Netherlands following the invention of the electric motor in the 1830s (Ajanovic 
2015; Høyer 2008). In the early 1900s, the EV was the top-selling road vehicle 
in the US (Ajanovic 2015). Global sales reached a peak of 30,000 vehicles in 
1912, before the development of ICE vehicles, the discovery of oil reserves, 
the reduction in petrol (or gasoline) prices and the expansion of the road 
network saw consumers’ preferences shift to the ICE (International Energy 
Agency 2013). Since then, the vehicle market has been dominated by vehicles 
powered by the ICE.  
 
Despite the ascendency of the ICE, an increased focus on climate change and 
environmentally sustainable transport along with improved vehicle design and 
battery technology has stimulated growth in EV adoption. In 2017, the global 
EV stock reached 1.9 million vehicles, increasing at a compound annual 
growth rate of 72 per cent since 2013 (Cazzola et al. 2017). Figure 1.1 
illustrates the growth in EV stock between 2013 and 2017 by country. The 
figure highlights that the total number of EVs is dominated by a select group of 
countries including China, the US, Norway, Japan, France, Germany and the 
UK (Cazzola et al. 2017). These seven nations accounted for 92 per cent of 
the EVs stock across the globe. 
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The adoption of EVs has been supported by a growing number of governments 
that are offering support to the development of EVs and incentives to stimulate 
consumer demand. Incentives include such measures as government policies 
targeting tailpipe emissions, financial incentives such as rebates and tax 
concessions and incentives targeting the use of vehicles such as concessions 
for road tolls, parking fees and access to bus lanes (Cazzola et al. 2016). In 
Norway for example, EVs are exempt from vehicle registration tax and pay the 
lowest rate of vehicle license fees (Bjerkan, Nørbech & Nordtømme 2016). 
Further, the adoption of EVs is supported by manufacturers, with major vehicle 
manufacturers either developing or producing some model of EV (Cazzola et 
al. 2016).  
 
 
 
Figure 1.1: EV stock by country; adapted from Bunsen et al. (2018) 
and Cazzola et al. (2017) 
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The rise in EV stock is underpinned by the strong growth in EV sales. In 2017, 
750 thousand EVs were sold across the globe, up from 111 thousand vehicles 
in 2013. China is the clear global leader, accounting for over 62 per cent of 
new vehicle sales in 2017. However, despite the growth in sales, EVs still 
represent a fragment of the overall vehicle market. Across most nations, EVs 
struggle to achieve even one per cent of the market share (Cazzola et al. 
2016). The clear leader in the developed world is Norway, where EVs held a 
20.8 per cent market share in 2017 (Cazzola et al. 2016). Figure 1.2 presents 
a summary of the sales of EVs and market share held by EVs between 2013 
and 2017. 
 
 
Figure 1.2: EV sales and market share by country; adapted from 
Bunsen et al. (2018) and Cazzola et al. (2017) 
 
While the global adoption of EVs is on the rise, Australia lags behind other 
nations. In 2018 and 2017, only 1,800 and 1,208 EVs were sold in Australia 
respectively, which represents less than 0.2 per cent market share (Bunsen 
et al. 2019; ClimateWorks Australia 2017). In 2016, only 668 EVs were sold, 
as presented in Figure 1.3. 
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Despite the subdued adoption rates, Australia is well placed to be a leader in 
EV adoption, with one of the highest vehicle ownership rates across the globe 
(Australian Bureau of Statistics 2014b; Office of Energy Efficiency & 
Renewable Energy 2018). In 2017 alone, over 1.2 million vehicles were sold 
in Australia. The majority of these were owned by private individuals, with 
passenger vehicles comprising 75 per cent of registered vehicles (Australian 
Bureau of Statistics 2016).  
 
Further, on the back of growing concern for the environment, EV adoption is 
receiving increased focus from the Australian Government. To date, little 
assistance has been provided for EV adoption in the way of incentives or 
favourable policy measures. Thus, Australia has lagged behind other nations 
such as Norway, with its long history of government incentives (Broadbent, 
Drozdzewski & Metternicht 2018). However, there has been a recent shift in 
sentiment and in 2019 both the government and other major political parties 
have begun to recognise and adopt policies and incentives to encourage EV 
adoption. 
 
Given the state of the Australian market, the uptake of EVs in Australia is thus 
heavily dependent on the widespread acceptance by the private consumer of 
passenger vehicles. Therefore, it is important to understand how consumers 
 
Figure 1.3: EV sales in Australia; adapted from Bunsen et al. (2018), 
Bunsen et al. (2019) and ClimateWorks Australia (2017) 
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respond to the attributes of EVs and what other factors influence decision 
making and EV adoption.  
 
1.2 Research aims and objectives 
Motivated by the benefits of EVs and the desire to support the increase in 
acceptance, this thesis aims to investigate the Australian consumer and the 
decision-making process behind EV adoption. There is extensive literature on 
how consumers respond towards EVs. The adoption of EVs has been an area 
of interest across the fields of economics and psychology, with a diverse array 
of viewpoints and theories used to investigate the decision-making process. 
As discussed in Chapter 2, the literature points to a wide variety of factors that 
influence adoption, including the attributes of vehicles, psychological 
constructs and individual circumstances. However, while the adoption of EVs 
has been investigated heavily across the globe, little attention has been given 
to the Australian consumer, with some significant shortcomings evident in 
research to date. 
 
First, while the adoption of EVs has been the focus across different regions 
such as Europe (Hackbarth & Madlener 2016; Hoen & Koetse 2014; Link et al. 
2012; Ziegler 2012), Asia (Tanaka et al. 2014) and the US (Carley et al. 2013; 
Hidrue et al. 2011; Parsons et al. 2014), only a limited number of research 
studies have been completed analysing the Australian consumer (Beck, Rose 
& Greaves 2017; Dini & Washington 2016; Smith et al. 2017). There is a 
pressing need to extend the current knowledge base to understand how the 
Australian consumer responds to EVs. This thesis aims to overcome this 
shortcoming and provide direct insight into how Australian consumers value 
the attributes of EV. Specifically, this thesis tests the hypotheses that the utility 
consumers derive from EVs is guided by the attributes of EVs including 
purchase price, cost of ownership, driving range, environmental performance 
as measured by carbon dioxide (CO2) emissions and vehicle performance as 
measured by acceleration. 
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Second, the majority of research into how consumers respond to EV attributes 
has involved the application of a discrete choice model (DCM). While such 
research has provided insight into the decision-making process, the main 
criticism of this approach is that it considers consumers as a black box, with 
predetermined wants and needs (Ben-Akiva et al. 1999; Morikawa, Ben-Akiva 
& McFadden 2002; Vij & Walker 2016). Beyond the study of vehicle attributes, 
other researchers have explored the role of psychological constructs in the 
adoption process, suggesting that psychological constructs, such as attitudes, 
play a significant role in the decision-making process (Heffner, Kurani & 
Turrentine 2007; Lane & Potter 2007). Only a small number of studies have 
attempted to jointly explore the role of psychological constructs with vehicle 
attributes. Among these, examination of the psychological constructs has 
focused predominantly on attitudes towards the environment, vehicle features 
and social forces (Bolduc, Boucher & Alvarez-Daziano 2008; Kim, Rasouli & 
Timmermans 2014; Mabit et al. 2015; Smith et al. 2017; Soto, Cantillo & 
Arellana 2014). The decision to adopt EVs is complex and further research is 
required across a greater number of constructs to improve the understanding 
of decision making and EV adoption.  
 
Although widely studied in relation to conventional ICE powered vehicles, the 
current literature has yet to analyse the influence of underlining psychological 
factors in EV adoption in Australia, as represented by the Theory of Planned 
Behaviour (TPB). This thesis therefore aims to study the consumer behaviour 
towards the attributes of EVs in conjunction with psychological constructs, 
applying the TPB.  
 
Further, differences in individual circumstances are known to influence the 
adoption of EVs, and must not be ignored. There has been much debate on 
the role of sociodemographic characteristics in determining adoption and an 
opportunity exists to contribute to the ongoing discussion and provide insight 
into the role of personal circumstances for the Australian consumer.  
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Finally, the role of driving habits and vehicle preferences, including vehicle size 
and class, has largely been neglected in understanding how consumers value 
EVs and their attributes. There are a number of makes and models of vehicles 
available in the Australian market across various price points and it is not 
expected that a consumer with different vehicle preferences, habits and uses 
for a vehicle would respond to the price of EVs in the same manner. To date, 
little attention has been given to what influence these preferences have on the 
willingness to pay (WTP) for EVs and their attributes. 
 
Acknowledging the above shortcomings, this thesis aims to extend current 
knowledge to provide a more complete understanding of decision making and 
EV adoption by Australian consumers. Building on insights from both economic 
and psychological perspectives, the thesis aims to develop and validate a 
comprehensive framework, providing a more realistic and fruitful 
understanding of EV adoption.  
 
Specifically, the thesis had four objectives, which were to: 
• test how the Australian consumer values the attributes of EVs 
• test how the inclusion of psychological constructs, in combination with 
vehicle attributes, can help explain consumers’ decision-making 
processes in relation to the adoption of EVs 
• integrate the TPB into a DCM of EV adoption 
• test the role of vehicle preferences and driving habits in influencing the 
WTP for EVs and their attributes. 
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To address the research opportunities and objectives, the following research 
questions were proposed: 
• RQ1: How does the Australian consumer value the attributes of an 
EV? 
• RQ2: What is the relationship between the constructs of the TPB and 
intention to purchase an EV for the Australian consumer? 
• RQ3: What role does intention to purchase an EV, as represented by 
the TPB, play in influencing utility? 
• RQ4: What is the relationship between sociodemographic 
characteristics and the utility associated with purchasing an EV? 
• RQ5: What is the relationship between sociodemographic 
characteristics and the constructs of the TPB for the Australian 
consumer? 
• RQ6: What role do vehicle preferences and driving habits play in the 
WTP for EVs and their attributes? 
 
1.3 Overview of conceptual framework and 
research methodology 
To address the research questions presented in the previous section, this 
thesis proposes a conceptual framework to provide a comprehensive 
explanation of EV adoption. The framework is based on the premise that the 
adoption of EVs is not only based on the performance of vehicle attributes, but 
is also determined by psychological constructs, sociodemographic 
characteristics, vehicle preferences and driving habits. In particular, 
psychological constructs are represented by Ajzen’s TPB (1991). By using the 
TPB to represent psychological constructs, the research was able to provide 
an insight into how consumers’ attitudes, subjective norms and perceived 
behavioural control towards vehicles influence the decision-making process. 
 
Given the combination of factors in the framework, this thesis estimated three 
models, culminating in a hybrid choice model (HCM), otherwise known as an 
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integrated choice and latent variable model (ICLV). Traditional DCMs have 
predominantly focused on observable variables, such as product attributes, 
socioeconomic characteristics, market information and past experience 
(McFadden 1986). Based on Random Utility Theory (RUT), these models have 
regarded individual consumers as rational utility maximisers, that when faced 
with a set of mutually exclusive alternatives are assumed to choose the 
alternative that provides the highest individual benefit or utility (Ben-Akiva et 
al. 1999; 2002a; McFadden 1986; Thurstone 1927). As such, consumers are 
represented as optimising black boxes, which neglects the findings from 
behavioural theories on the role of biological, psychological and sociological 
reasons underlying choice (McFadden 1986; Vij & Walker 2016). The HCM 
offers an extension to this approach, by integrating latent constructs into the 
choice model to leverage the benefits and insights provided from the 
foundations of both economic and behavioural approaches (Ben-Akiva et al. 
2002a; Vij & Walker 2016). 
 
Data were collected via a discrete choice experiment (DCE), which presented 
participants with a series of choice scenarios and asked them to select 
between two EVs and their preferred petrol-powered vehicle. Each EV 
presented to participants differed in attribute levels. The key advantage of 
DCEs is the potential to replicate existing or create hypothetical markets or 
scenarios, which may not be readily observed (Lancsar & Louviere 2008). 
Given the low uptake of EVs in Australia, this approach is therefore an ideal 
way to explore decision making and EV adoption. Further, by including 
financial attributes, such as purchase price, the utility estimates can easily be 
employed to estimate the value or WTP for EV attributes (Hensher, Rose & 
Greene 2005).  
 
To complete the choice experiment, 560 participants of the population of 
interest were recruited and invited to respond to an online questionnaire. The 
questionnaire contained the choice experiment, as well as questions used to 
measure the TPB constructs, sociodemographic characteristics and 
preferences for vehicles and driving habits. Participants were recruited from a 
market research company, Survey Sampling International (SSI).  
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Following the completion of the questionnaire, three models were estimated to 
test the conceptual framework and hypotheses, culminating in the HCM. The 
starting point of the HCM was the estimation of a simple multinomial logit 
(MNL) model (MNL1). The second model estimated was an expanded MNL 
model incorporating interactions (MNL2) to test the influence of vehicle 
preferences and driving habits. The analysis concluded with the estimation of 
the third model, the HCM, accommodating both observable and psychological 
constructs, as represented by the TPB.  
 
Further details on the conceptual framework and methodology are presented 
in Chapter 3 and Chapter 4. 
 
1.4 Structure of the thesis and overview of 
chapters 
This PhD thesis is structured as per Figure 1.4. Chapter 2 provides a critical 
review of the literature relating to the adoption of EVs. Building on the insights 
from Chapter 2, Chapter 3 then summarises opportunities for further research 
before presenting the development of the conceptual framework and 
associated hypotheses to address the research gaps. This includes an 
overview of the model, model elements and the hypotheses to be tested. 
 
The research methodology used to test the conceptual framework and 
hypotheses is then presented in Chapter 4. The chapter describes the 
development of the choice model, questionnaire and pre-test procedure before 
reviewing the implementation and data collection methods. The section 
concludes by reporting the data analysis and model estimation methods used 
in the research. 
 
Chapter 5 reports the results of model estimation and analysis. The chapter 
first presents the results of a pilot study, before presenting the results of the 
main experiment. The three models, including the HCM are then presented, 
analysed and compared.  
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The thesis then concludes with a discussion of the results of the study and the 
implications for the current body of knowledge in Chapter 6. The management 
contributions, limitations of the research and suggestions for further research 
in the area of interest are also discussed. 
 
 
Figure 1.4: Thesis structure 
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CHAPTER 2. LITERATURE REVIEW 
2.1 Introduction 
A large body of work focuses on the adoption of EVs across a range of 
domains. Researchers in transportation analysis, economics and marketing, 
among others, have investigated the decision-making process. A number of 
competing models and frameworks have been applied, with a range of factors 
theorised to influence behaviour and adoption. This chapter reviews the most 
prominent studies on EV adoption. 
 
Two streams of literature are relevant to the discussion of EV adoption, with 
work to date considered ‘roughly divided into two categories being economic 
and psychological’ (Liao, Molin & van Wee 2017, p. 253). The economic 
approach has tended to focus on consumers’ responses to the attributes of 
EVs. In contrast, research examining the role of psychological constructs has 
focused on the motivation for adoption and process of decision-making (Adnan 
et al. 2017; Li et al. 2017; Liao, Molin & van Wee 2017; Rezvani, Jansson & 
Bodin 2015). However, attributes and psychological constructs are not the only 
determinants of adoption, with a number of other factors shown to be 
significant, including sociodemographic characteristics, vehicle preferences, 
driving habits and market forces. 
 
The literature is reviewed in four sections. The chapter begins by presenting a 
review of the literature and current knowledge in relation to how consumers 
respond to and value the attributes of EVs. The second section presents an 
overview of psychological constructs and associated theories and frameworks 
that have been applied to date. The third section reviews knowledge on the 
role of sociodemographic characteristics in the adoption process. Knowledge 
on the role of vehicle preferences and driving habits is then discussed. The 
chapter concludes with a review of knowledge on the role of market structure, 
incentives and policy measures. 
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2.2 Response to electric vehicle attributes and 
willingness to pay 
An extensive amount of research has been completed in recent years 
investigating consumers’ responses to EV attributes and their WTP for these 
attributes. Guided by Lancaster’s (1966) economic theory that consumers 
derive value from the attributes of a good, rather than the good itself, research 
findings suggest that consumers’ adoption of EVs will depend on the attributes 
of EVs. Research has shown that key attributes of EVs may either be seen 
positively or perceived as barriers to adoption (Beggs, Cardell & Hausman 
1981; Bunch et al. 1993; Chéron & Zins 1997; Graham-Rowe et al. 2012; 
Schuitema et al. 2013; Skippon & Garwood 2011). The positive features 
associated with current EV performance include the potential to realise lower 
operating costs and improved environmental performance, while the major 
barriers include the higher purchase price and available driving range 
(Schneidereit et al. 2015). 
 
As outlined in Chapter 1, the ability to study consumers’ behaviour with regard 
to real choices has been limited given the low uptake of EVs. Consequently, 
stated choice experiments applying DCM have become the dominant method 
for exploring consumers’ responses to the attributes of EVs, and their WTP. In 
conducting these experiments, researchers have been able to quantify the 
relative importance of the different product attributes across a range of markets 
in Europe (Hackbarth & Madlener 2016; Hoen & Koetse 2014; Link et al. 2012; 
Ziegler 2012), Asia (Tanaka et al. 2014) and the US (Hidrue et al. 2011; 
Parsons et al. 2014). Thus, insights discussed in this section are largely 
derived from stated choice experiments and applications of DCM. Table 2.1 
presents an overview of prominent research into consumer behaviour towards 
EVs and their attributes. 
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Table 2.1: Summary of prominent research into consumers’ responses 
to the attributes of EVs and their WTP 
Author Region Vehicles studied Attributes studied 
Train (1980) US Conventional 
(gasoline/diesel), HEV, 
EV, hydrogen, 
aluminium–air cell-
powered 
Purchase price, operating 
cost, driving range, weight, 
power and the number of 
seats 
Beggs, 
Cardell and 
Hausman 
(1981) 
US Conventional (gasoline), 
EV 
Purchase price, fuel cost, 
range, top speed, 
acceleration time, number of 
seats and air conditioning 
Calfee (1985) US Conventional (gasoline), 
EV 
Purchase price, operating 
cost, range, top speed and 
number of seats 
Bunch et al. 
(1993) 
US Conventional (gasoline), 
EV, alternative 
(methanol, ethanol, 
natural gas) 
Purchase price, fuel cost, 
driving range, fuel 
availability, level of pollution 
and performance 
Brownstone et 
al. (1996) 
US Conventional (gasoline), 
natural gas, methanol, 
EV 
Purchase price, range, 
acceleration, top speed, 
pollution, size, luggage 
space and operating cost 
Brownstone 
and Train 
(1999) 
US Conventional (gasoline), 
natural gas, methanol, 
EV 
Purchase price, range, 
acceleration, top speed, 
pollution, size, luggage 
space and operating cost 
Brownstone, 
Bunch and 
Train (2000) 
US Conventional (gasoline), 
natural gas, methanol, 
EV 
Purchase price, range, 
acceleration, top speed, 
pollution, size, luggage 
space and operating cost 
Ewing and 
Sarigöllü 
(2000) 
Canada Conventional (gasoline), 
EV 
Purchase price, repair and 
maintenance cost, cruising 
range, refuelling time, 
acceleration and emissions 
Dagsvik et al. 
(2002) 
Norway Conventional (gasoline), 
liquefied petroleum gas 
(LPG), HEV, EV 
Purchase price, driving 
range, top speed, driving 
range and fuel consumption 
Hidrue et al. 
(2011) 
US Conventional (gasoline), 
EV 
Purchase price, driving 
range, recharging time, 
acceleration time, emissions 
and fuel cost 
Mabit and 
Fosgerau 
(2011) 
Sweden Conventional 
(petrol/diesel), 
hydrogen, HEV, 
biodiesel, EV 
Purchase price, 
maintenance and fuel costs, 
driving range, refuelling 
frequency, acceleration time 
and service requirements 
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Table 2.1: Summary of prominent research into consumers’ responses 
to the attributes of EVs and their WTP (continued) 
Author Region Vehicles studied Attributes studied 
Achtnicht, 
Bühler and 
Hermeling 
(2012)  
Germany Conventional 
(gasoline/diesel), HEV, 
gas (natural/LPG), 
biofuel, hydrogen, EV 
Purchase price, fuel costs, 
engine power, emissions and 
fuel availability 
Hess et al. 
(2012) 
US Conventional 
(gasoline/diesel), 
natural gas, PHEV, 
HEV, EV 
Purchase price, vehicle age, fuel 
cost, fuel efficiency, maintenance 
costs, acceleration time, range, 
refuelling time, fuel availability, 
incentives, vehicle size and body 
type 
Link et al. 
(2012) 
Austria Conventional, HEV, EV Purchase price, driving range, 
charging time, running costs, 
emissions and engine power 
Ziegler 
(2012) 
Germany Conventional 
(gasoline/diesel), HEV, 
gas (natural/LPG) 
biofuel, hydrogen, EV 
Purchase price, motor power, 
fuel cost, emissions and service 
station availability 
Axsen, 
Orlebar and 
Skippon 
(2013) 
England Conventional, EV Purchase price, acceleration 
time, driving range, recharge and 
refuelling time 
Ito, Takeuchi 
and Managi 
(2013) 
Japan Conventional 
(gasoline), HEV, fuel 
cell, EV  
Purchase price, fuel costs, 
driving range, fuel availability, 
emissions, refuelling rate, 
manufacturer and body type 
Daziano and 
Achtnicht 
(2014) 
Germany Conventional 
(gasoline/diesel), HEV, 
gas (natural/LPG), 
biofuel, hydrogen, EV 
Purchase price, fuel costs, 
engine power, emissions and 
fuel availability 
Hoen and 
Koetse 
(2014) 
Netherlands Conventional 
(petrol/diesel/LPG), 
PHEV, fuel cell, flexi-
fuel, biofuel, EV 
Purchase price, operating costs, 
driving range, recharge/refuelling 
time, detour time, available 
models and policy measures 
Parsons et 
al. (2014) 
USA Conventional 
(gasoline), EV 
Purchase price, annual cash 
back payment, recharging time, 
driving range, acceleration time, 
pollution and fuel costs 
Tanaka et al. 
(2014) 
Japan, US Conventional 
(gasoline), PHEV, EV 
Purchase price, fuel costs, 
driving range, emissions, fuel 
availability and costs of home 
recharging infrastructure 
Axsen, 
Bailey and 
Castro 
(2015) 
Canada Conventional, PHEV, 
HEV EV 
Purchase price, fuel cost, range, 
home recharge access and 
recharge time 
Hackbarth 
and 
Madlener 
(2016) 
Germany Conventional 
(gasoline/diesel), 
biofuel, LPG, natural 
gas, PHEV, HEV 
hydrogen, EV  
Purchase price, fuel costs, 
emissions, driving range, fuel 
availability, refuelling time, 
battery recharging time and 
policy incentives 
 
 
Chapter 2  Literature review 
 
21 
 
From Table 2.1, it can be seen that research into the adoption of EVs and their 
attributes has a long history. One of the earliest studies exploring consumers’ 
responses to EV attributes was Train’s (1980) study of consumers in the US. 
This study applied a DCM to predict ‘the type of auto which each household 
will buy on the basis of the characteristics of all the autos which are available 
for purchase (such as their prices, weights, and so on) and the characteristics 
of the households’, including the number of people in the household, income 
and miles travelled (Train 1980, p. 407). In another early application of a DCM, 
Ewing and Sarigöllü (2000) investigated the behaviour of suburban commuters 
in Montreal Canada with regard to EVs and fuel-efficient vehicles. They 
identified purchase price and vehicle power as key drivers of EV adoption. 
 
More recently, Hackbarth and Madlener (2016) investigated taste differences 
among consumers regarding alternative-fuel vehicles. They reported that 
range remained a key barrier to EV adoption and that ‘German car buyers are 
not willing to pay the necessary amounts of money for the increase in battery 
capacity’ (Hackbarth & Madlener 2016, p. 105).  
 
In addition to the above studies, consumer behaviour in Australia has also 
been the focus of research. In one of the earliest studies of Australian choice 
behaviour and decision making, Hensher (1982) investigated the role of 
purchase price, cost of petrol and driving range in influencing EV adoption. 
The results showed that range and petrol price were significant factors in 
influencing behaviour. However, purchase price was unexpectedly found to be 
insignificant, with Hensher (1982, p. 332) stating that this result ‘might be 
explained by the range of levels used in the design’. 
 
In another Australian study, Dini and Washington (2016) explored the role of 
experience in influencing the adoption of EVs. In their study, consumers in 
Brisbane, Queensland completed a choice experiment before and after 
completing a test drive of an EV. The results showed that purchase price, 
range, gender, average kilometres driven and household size were all 
significant in determining the utility associated with EVs. However, the results 
also revealed that completing a test drive was not a significant factor, which 
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may have been the result of limitations in sample size and population diversity. 
Table 2.2 presents a summary of prominent studies exploring Australian 
consumers’ responses to EVs, and their attributes. 
 
 
 
From the summary in Table 2.2, it is clear that the prominent factors in EV 
adoption studied include purchase price, operating costs, driving range, 
environmental and vehicle performance. The following sections review in more 
detail the role of each of these attributes in influencing EV adoption. 
 
2.2.1 Purchase price 
It is widely accepted that the price of a product plays a prominent role in 
consumer purchase decisions (Monroe 1973). The purchase of a vehicle is no 
exception and an abundance of literature demonstrates the dominant role of 
purchase price in vehicle selection (Adepetu & Keshav 2015; Axsen, Goldberg 
& Bailey 2016; Hackbarth & Madlener 2016; Hoen & Koetse 2014; Lieven et 
al. 2011). 
 
Table 2.2: Summary of prominent research into consumers’ responses 
to the attributes of EVs and their WTP in Australia 
Author Region Vehicles 
studied 
Attributes studied 
Hensher (1982) Sydney Conventional, 
EV 
Purchase price, petrol price, and range 
Feeney and 
Adams (2009) 
New 
South 
Wales 
Conventional, 
HEV, PHEV, 
EV 
Purchase price, running costs, driving 
range, emissions and availability of 
recharging infrastructure 
Kinghorn and 
Kua (2011) 
Victoria Conventional, 
HEV, PHEV, 
EV 
Purchase price, running costs, driving 
range, emissions and availability of 
recharging infrastructure 
Dini and 
Washington 
(2016) 
Brisbane Conventional 
(petrol/diesel), 
HEV, EV 
Purchase price, fuel cost, driving range, 
and service requirements 
Beck, Rose 
and Greaves 
(2017) 
Sydney Conventional 
(petrol/diesel), 
HEV, PHEV, 
EV 
Purchase price, operating costs, driving 
range, recharging time, recharging 
opportunities and emissions 
Smith et al. 
(2017) 
Perth  Conventional 
(petrol/diesel), 
PHEV, EV 
Purchase price, driving range, charging 
time, availability of charging station, 
running costs, engine size, emissions, 
battery capacity and noise level 
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At the time of this research, the high costs associated with batteries has meant 
that on a like-for-like basis, EVs are considerably more expensive than 
conventional vehicles powered by fossil fuels, with similar configurations 
(Cazzola et al. 2016; 2017). While battery costs are declining more rapidly than 
anticipated, the high purchase price of EVs is still seen as the most significant 
obstacle to widespread consumer adoption (Lieven et al. 2011; Nykvist & 
Nilsson 2015; Tran et al. 2012; Ziegler 2012). For example, Lieven et al. (2011, 
p. 238) found that for consumers of both conventional ICE powered vehicles 
and EVs in Germany, price was the most important attribute in influencing the 
decision-making process in vehicle selection.  
 
Throughout the literature, high purchase price is shown to have a negative 
influence on EV adoption and the decision-making process. Studies have 
shown that when consumers evaluate the EV, they are well aware that the 
‘initial cost of an EV is significantly higher when compared to a gasoline 
powered ICE vehicle and this cost increases linearly with battery size or the 
range of the car’ (Egbue & Long 2012, p. 719). The importance of the high 
purchase price was highlighted in research by Graham-Rowe et al. (2012, p. 
144), who reported that UK consumers view the high purchase price of EVs as 
‘unjustifiable’, with consumers believing that there were no significant benefits 
supporting the high purchase price.  
 
Nevertheless, the role of price is not one dimensional and is often associated 
with perceptions of quality. Consumers may believe that price and quality are 
correlated, with an increase in price reflecting a higher quality product. 
However, purchase price may influence a consumer’s evaluation as it is the 
amount of money they will need to sacrifice to satisfy their needs (Erickson & 
Johansson 1985). The literature proposes that the role of price may vary 
depending on how price or value conscious a consumer may be. Price-
conscious consumers focus exclusively on lower prices, while value-conscious 
consumers focus on price paid relative to quality received (Erickson & 
Johansson 1985; Lichtenstein, Ridgway & Netemeyer 1993). 
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The relationship between price and quality is further complicated by the fact 
that there is no universal definition of product quality across the economic, 
psychology and marketing literature. Quality may be described by various 
definitions as value, conformance to specifications or fitness for use (Reeves 
& Bednar 1994). In reviewing the definitions of product quality from various 
disciplines, Garvin (1984) proposed a framework consisting of eight elements 
that define basic product quality including performance, features, reliability, 
conformance, durability, serviceability, aesthetics and perceived quality. 
 
In relation to vehicles, Erickson and Johansson (1985) reported the following 
findings regarding the price–quality relationship: 
• The price–quality relationship appears to be operating in a reciprocal 
manner. Higher priced cars are perceived to possess (unwarranted) 
high quality. High-quality cars are likewise perceived to be higher 
priced than they actually are. 
• As a consequence of the price–quality relationship, perceived price is 
a good proxy variable for perceived quality. However, price 
perceptions provide only a weak independent role in determining 
overall attitudes.  
• Price perceptions appear to have an independent and negative effect 
on the probability of purchasing a given car—a budget constraint role. 
(Erickson & Johansson 1985, p. 198) 
 
The relationship between price and perceived quality has also been explored 
in relation to consumer adoption of EVs. Some scholars have suggested that 
consumers believe that a higher purchase price should correlate with 
substantial advantages over other forms of transportation (Graham-Rowe et 
al. 2012). When these advantages do not transpire, the consumer is 
disappointed and forms negative opinions of the technology. For example, in 
qualitative research analysing mainstream consumers’ responses to EVs 
completed by Graham-Rowe et al. (2012, p. 144) it was found that, ‘drivers felt 
that the higher purchase cost of an EV should denote a vehicle that was 
superior to an ICE car in design, performance, durability, or could provide an 
enhanced driving experience’ and the ‘EV largely failed to meet this 
expectation’. In another study, Hackbarth and Madlener (2013, p. 11) reported 
that consumers in Germany looking to purchase a vehicle for less than 
€20,000, were ‘willing to pay only half as much for beneficial changes in other 
vehicle features’, compared to respondents looking to purchase a more 
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expensive car. It is therefore not just the objective price that is the key, but 
certain psychological constructs used in the evaluation, that determines how 
consumers respond to the price of EVs. To understand the importance of price 
in the decision-making process, both determinants require further 
investigation. 
 
2.2.2 Operating costs 
In addition to purchase price, operating costs are a financial attribute known to 
influence the purchase process. It is generally considered that consumers look 
to purchase vehicles that are cheaper to run and have a lower total cost of 
ownership throughout the life of the vehicle (Orsato & Wells 2007). Research 
has revealed that drivers of both EVs and conventional ICE powered vehicles, 
‘strive to minimise costs largely regardless of personal income’ (Graham-Rowe 
et al. 2012, p. 150).  
 
There is currently an ongoing debate on the potential for EVs to offer lower 
operating costs compared to conventional petrol-powered vehicles. Previous 
research has shown EVs to be both more expensive and cheaper to operate 
than ICE powered vehicles (Al-Alawi & Bradley 2013; Hardman, Shiu & 
Steinberger-Wilckens 2016; Rusich & Danielis 2015; Werber, Fischer & 
Schwartz 2009; Wu, Inderbitzin & Bening 2015).  
 
EVs have been suggested to be cheaper to power, given their better energy 
efficiency and the lower cost of electricity, relative to other fuel sources such 
as petrol (Al-Alawi & Bradley 2013; Hardman, Shiu & Steinberger-Wilckens 
2016; Wu, Inderbitzin & Bening 2015). In some cases, the cost to power an EV 
has been suggested to be three to four times lower than a traditional ICE 
powered by petrol (Krause et al. 2013). EVs have also been suggested to offer 
lower maintenance and repair costs (Hagman et al. 2016; Onat, Kucukvar & 
Tatari 2015; Ruan, Walker & Zhang 2016). An EV has fewer moving 
components compared to a conventional ICE powered vehicle and the 
electrical components require very little maintenance (Onat, Kucukvar & Tatari 
2015; Ruan, Walker & Zhang 2016). 
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The potential improvements in operating costs has been shown to be 
significantly influenced by both driving distance and vehicle size. Through 
simulation modelling of ownership costs in Germany, Wu, Inderbitzin and 
Bening (2015) reported that the EVs have a good probability to be the most 
cost effective vehicle across all sizes, for those driving long distances. 
However, they found that the improvement in operating costs declined for 
those consumers traveling shorter distances (Wu, Inderbitzin & Bening 2015). 
The operating costs of EVs is also heavily dependent on market structure and 
dynamics, including electricity prices and government policy measures. 
 
In support of the importance of operating costs on EV adoption, Hidrue et al. 
(2011) found that expected fuel savings of EVs were more valuable to US 
consumers than improved environmental performance, when compared with 
conventional vehicles powered by fossil fuels.  Plötz et al. (2014) also 
demonstrated that if achieved, the potential benefits of reduced operating 
costs can compensate for potential barriers such as a higher initial purchase 
price. In a study of UK consumers’ responses to EVs, Skippon and Garwood 
(2011, p. 529) also reported that participants appeared to understand the 
current position that EVs would be ‘more expensive to buy, but cheaper to run, 
than conventional vehicles’. The authors also reported that ‘a majority would 
be willing to trade off the higher capital cost for the lower running cost if the 
payback time was around four years’ (Skippon & Garwood 2011, p. 529).  
 
In contrast, Krause et al. (2013) reported that the majority of respondents 
perceived EVs as considerably more expensive to maintain than conventional 
vehicles powered by fossil fuels. In a survey of consumers in the US, they also 
reported that over 70 per cent of respondents were not aware of the extent of 
potential savings associated with EVs. This inconsistency in consumer 
response towards improved operating costs can be partially explained by the 
lack of understanding of consumers about vehicle usage, fuel savings, 
electricity usage and associated costs (Carley et al. 2013; Dumortier et al. 
2015; Sierzchula et al. 2014). For example, research by Carley et al. (2013) 
showed that potential consumers in the US did not value the potential cost 
savings or were unaware of the potential benefits. This was supported by 
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Graham-Rowe et al. (2012), who found that most consumers did not have an 
understanding of their electricity usage and benefits of EV adoption. Dumortier 
et al. (2015) found that providing information on the expected five-year fuel 
expenditure savings information had no effect on consumers’ responses to 
EVs.  
 
Given the discrepancy in knowledge to date on both the potential for EVs to 
offer improved operating costs and consumers response to these 
improvements, further research is required to understand the value Australian 
consumers place on operating costs. 
 
2.2.3 Vehicle driving range and charging requirements 
One of the most significant disadvantages of EVs is the limited driving range 
and reliance on recharging infrastructure (Adepetu & Keshav 2015). The 
limited driving range and recharging requirements of EVs are highlighted in the 
literature as significant barriers to adoption. For example, research by Egbue 
and Long (2012) showed that the driving range limitations of EVs is commonly 
cited as the biggest concern among consumers. This was also reported by 
Hidrue et al. (2011) who found that ‘range anxiety’ is still one of the major 
concerns for consumers in the US. Steinhilber, Wells and Thankappan (2013, 
p. 537) also reported that EVs are ‘considered an inferior product’ by 
consumers in the UK and Germany, because of the ‘smaller range and longer 
refuelling times,’ which ‘currently makes them unattractive’.  
 
The limited driving range has been associated with range anxiety; the fear of 
running out of battery charge in the middle of a journey, leaving drivers and 
passengers stranded (Neubauer & Wood 2014). Range anxiety is 
predominantly a result of the fact that EVs do not have an alternative power 
source, or reserve power source. In a study of UK consumers, Graham-Rowe 
et al. (2012) found that the anxiety experienced by drivers of EVs was so strong 
that in some cases drivers may not use other features, such as the radio or 
electric windows, in an effort to preserve battery power and maximise range 
capabilities (Graham-Rowe et al. 2012). This has a secondary effect of ‘limiting 
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the pleasure and comfort that drivers derive from creating a personalised 
environment’, which contributes to the negative perceptions of EVs (Graham-
Rowe et al. 2012, p. 150).  
 
The effect of limited range is also amplified by the limited charging options 
currently available across most markets, including Australia (ClimateWorks 
Australia 2017). Increasing access to charging infrastructure such as offering 
charging stations at the workplace or in public areas would help reduce the 
effect of range anxiety (Neubauer & Wood 2014).  
 
Further, direct experience with EVs may not alleviate the fears associated with 
the limited driving range. In a study exploring how experience influenced 
preferences and attitude towards EVs, Jensen, Cherchi and Mabit (2013) 
found that the importance placed on driving range almost doubled after 
individuals had driven the vehicles. The authors inferred from this that 
concerns over driving range were confirmed by the experience and 
characteristics of the EVs available in the market (Jensen, Cherchi & Mabit 
2013). 
 
Nevertheless, despite the importance of driving range, research has 
demonstrated that consumer perceptions of travel requirements are not based 
on actual travel needs (Egbue & Long 2012; Golob & Gould 1998; Skippon & 
Garwood 2011). In a study completed by Golob and Gould (1998), it was 
reported that even when participants were given direct feedback through a 
travel diary that their travel needs were within the available range of EVs, 
participants still expected EVs to have a minimum range of 100 miles 
(161 km). In completing research into consumers in the US, Egbue and Long 
(2012) found on average that participants were interested in EVs if they could 
deliver a minimum range of 215 miles (346 km). This is despite the fact that 
more than 70 per cent of participants travelled on average less than 20 miles 
(32 km) per day.  
 
Further, despite the misalignment between actual and perceived travel usage, 
drivers have been shown to favour vehicles with a large driving range, suitable 
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for long travel journeys (Graham-Rowe et al. 2012; Schneidereit et al. 2015). 
In research on consumers in Germany, Schneidereit et al. (2015) reported that 
participants responded more favourably to EVs with extended range 
capabilities, as these vehicles could accommodate the infrequent longer 
journeys. 
 
In relation to Australian consumers, Järvinen, Orton and Nelson (2012) stated 
that the range of EVs is unlikely to be an issue for the regular motorist in 
Australian capital cities, with the average motorist in Sydney reported to travel 
55 kilometres per day. However, given the vast distances between regional 
centres outside the major capital cities, Australian drivers often travel large 
distances. Additional research is thus required to improve the understanding 
of how Australian consumers across the nation value the range of EVs. 
 
2.2.4 Environmental performance 
A key distinguishing feature of EVs is their improved environmental 
performance over other vehicle types. By using a battery for propulsion, the 
EV is believed to emit less toxins or pollutants than do vehicles powered by 
fossil fuels (Daziano & Chiew 2012). As a result, the EV is positioned by 
manufacturers and marketers as an environmentally friendly form of transport 
relative to other vehicles. Yet despite the potential benefits, there is conflicting 
research evidence on the role that these environmental benefits play in 
decision making. 
 
Research has revealed that consumers are aware of the potential for EVs to 
offer improved environmental performance, and view this positively (Achtnicht 
2012; Egbue & Long 2012; Hackbarth & Madlener 2013; Jensen, Cherchi & 
Mabit 2013; Tanaka et al. 2014; Ziegler 2012). Egbue and Long (2012, p. 721) 
reported that consumers respond positively to the environmental benefits 
associated with EVs and consider this type of vehicle to be ‘green’ and 
‘environmentally friendly’. Other research, including that of Burgess et al. 
(2013) and Skippon and Garwood (2011), has reinforced this finding, showing 
that EVs’ environmental credentials are widely accepted and well understood, 
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with drivers acknowledging that EVs offer environmental benefits, including 
emitting less carbon dioxide than conventional vehicles. However, research 
has suggested that some drivers remain unclear that emitting less carbon 
dioxide is an environmental benefit (Skippon & Garwood 2011). This raises 
some questions over consumers’ understanding of environmental benefits and 
the value they may place on environmental performance over other features. 
 
The value consumers place on environmental protection and concerns about 
environmental impacts have also been suggested to influence the value placed 
on environmental performance (Noppers et al. 2014). In a nationwide survey 
of German vehicle owners, Hackbarth and Madlener (2013, p. 9) found that 
high emissions were viewed negatively by potential purchasers of vehicles, but 
‘even more by environmentally aware consumers’. Noppers et al. (2014) 
supported this view, concluding that the adoption of sustainable innovations, 
including the EV, is influenced by the evaluation of environmental attributes. 
 
In contrast, other research findings suggest that environmental performance is 
less important than other vehicle features, such as price or engine 
performance. Cocron et al. (2011) found that German consumers value 
improved environmental performance, but place a higher value on other 
attributes such as price and engine performance. This finding was supported 
by Graham-Rowe et al. (2012) who found that for UK consumers, cost, driving 
range and engine performance are more important attributes than 
improvements in environmental performance. Ewing and Sarigöllü (2000) also 
found that regardless of the level of improvement, environmental performance 
alone is not enough to incentivise EV adoption. They found that consumers 
still review environmental performance in conjunction with other factors, such 
as purchase price. Similarly, Lane and Potter (2007) reported that 
environmental performance is one of the least important considerations for 
consumers when purchasing a new vehicle.  
 
To complicate matters further, some researchers have questioned the 
environmental benefits associated with EVs (Weldon, Morrissey & O'Mahony 
2016; Zhou, Dong & Zhao 2011). Some critics state that the environmental 
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benefits are not as significant as claimed because of a range of factors 
associated with electricity generation (Weldon, Morrissey & O'Mahony 2016). 
As stated by Zhou, Dong and Zhao (2011, p. 1279), ‘the issue of EV versus 
gasoline vehicle emissions is scientifically complex, and the outcomes are 
highly dependent upon assumptions made about how and where electricity is 
generated, as well as normative expectations of gasoline vehicle use’. 
Consumers in some markets have also expressed doubt over environmental 
performance and credentials. For example, Graham-Rowe et al. (2012, p. 147) 
reported that some consumers are in fact ‘sceptical about the green 
credentials of EVs, questioning the “green” nature of the electricity they use 
and the overall carbon footprint created by EV manufacture’.  
 
In light of the uncertainty around consumers’ perceptions of environmental 
performance, further research is required to understand how the Australian 
population values the environmental performance of EVs. 
 
2.2.5 Vehicle and engine performance 
Vehicle and engine performance is another contributing factor in the 
consumer’s decision-making process involving vehicle adoption. As stated by 
Skippon (2014, p. 16), the importance of vehicle and engine performance is 
prominent in the vehicle decision-making process and is ‘not restricted to a few 
highly car-oriented drivers, but is also a factor in mainstream car choice’. 
Consumers are also known to compare the performance of alternative-fuel 
vehicles to that of vehicles powered by fossil fuels, measuring EVs according 
to the same standards and expecting an equivalent product (Steinhilber, Wells 
& Thankappan 2013). 
 
EVs have the potential to offer improvements in several aspects of 
performance including higher torque at low speeds, improved acceleration and 
increased smoothness or cruising (Skippon 2014). These improvements have 
been shown to have a positive influence on behaviour and EV adoption 
(Achtnicht, Bühler & Hermeling 2012; Dagsvik et al. 2002; Hidrue et al. 2011; 
Ziegler 2012). 
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However, the limitations in performance of some models of EV, combined with 
the historically substandard capabilities, has led to the general perception that 
EVs offer inferior performance to conventional vehicles powered by fossil fuels 
(Bunch et al. 1993; Burgess et al. 2013; Graham-Rowe et al. 2012; Helveston 
et al. 2015; Skippon 2014). For example, Graham-Rowe et al. (2012, p. 144) 
found drivers held the view that EVs are currently a ‘work in progress’ and 
expected performance to improve. Others have found performance features 
such as acceleration to be insignificant in stimulating EV adoption (Mabit & 
Fosgerau 2011) 
 
Further, it is unclear what role experience plays in the perception of EV 
performance. The low adoption rates of EVs globally has led to many 
misconceptions among consumers on EV performance and it has been 
suggested that experience with EVs may assist in stimulating adoption by 
addressing these concerns (Burgess et al. 2013). Research by Bühler et al. 
(2014) showed that experience driving EVs had a positive influence on the 
perception of driving experience. However, the same study also reported that 
the perception of some features, including acceleration, was not affected by 
the experience of driving an EV. Given the low adoption rates in Australia, only 
a small number of drivers will have direct experience of driving EVs, which may 
contribute to perceptions of EV performance. 
 
Given the uncertainty around the value placed on vehicle performance, further 
research is required to understand how the Australian consumer values the 
performance of EVs. It is also important to note that performance capabilities 
are improving rapidly, making much of the earlier research outdated. As such, 
up-to-date knowledge on the decision-making process towards EV adoption is 
required. 
 
2.3 Psychological constructs 
A number of competing frameworks have been proposed to capture and 
describe the role of psychological constructs in EV adoption. Prominent 
Chapter 2  Literature review 
 
33 
 
frameworks include the application of the Diffusion of Innovation (DOI) theory, 
normative theories, symbolism and identity and the TPB. This section provides 
a review of each of these frameworks. This is followed by a review of the less 
prominent psychological constructs and frameworks applied to study EV 
adoption. The section concludes with a discussion of research that has 
explored psychological constructs in conjunction with vehicle attributes. 
 
2.3.1 Diffusion of Innovation Theory 
The adoption of EVs has been considered as an innovation adoption 
behaviour, given the number of distinct differences in EVs compared with 
conventional vehicles powered by fossil fuels (Schuitema et al. 2013). To 
explore the link between a consumer’s level of innovativeness and adoption, a 
number of studies have applied the DOI Theory. The theory consists of four 
elements, being innovation, communication channels, time and social systems 
(Rogers 2003). Innovation is considered ‘an idea, practice or object that is 
perceived as new by an individual or other unit of adoption’ (Rogers 2003, p. 
12). Communication channels are the means by which messages move from 
one individual to another, while the time dimension is associated with the 
innovative decision process, the innovativeness of the individual and rate of 
adoption. Finally, the social system is defined as a set of interrelated units that 
are engaged in joint problem solving to accomplish a common goal (Rogers 
2003). 
 
In DOI Theory, diffusion is characterised by a five-step process defined by the 
following: 
• knowledge of an innovation 
• attitude towards the innovation 
• making an adoption decision 
• implementation of the new idea 
• decision confirmation. 
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The model also proposes that innovation and rate of diffusion is driven by five 
characteristics that include the relative advantage, compatibility, complexity, 
trialability and the observability of outcomes (Rogers 2003). Consumers can 
also be classified according to their attitude towards the innovation and 
subsequent rate of adoption. These classes of consumer include innovators, 
early adopters, early majority, late majority and laggards (Rogers 2003).  
 
Plötz et al. (2014) applied DOI Theory in an attempt to identify potential early 
adopters of EVs in Germany. The foundation of the study was derived from the 
DOI Theory, but also ‘included measures for mobility behaviour, attitudes 
towards EVs and socio-economic variables’ (Plötz et al. 2014, p. 101). The 
results included that ‘the most likely group of private EV buyers in Germany 
are middle-aged men with technical professions living in rural or suburban 
multi-person households’ (Plötz et al. 2014, p. 96). Thogersen and Garling 
(2001, p. 14) also explored the role of innovativeness in car owners’ adoption 
of EVs in Sweden, finding that ‘high innovativeness/high knowledge segments 
holding a positive attitude are probably the easiest ones to persuade to try and 
finally buy an EV’. In contrast, consumers with high knowledge but low 
innovativeness were the most difficult to persuade to buy an EV. Burgess et 
al. (2013, p. 41) found that positive supporters of EVs ‘embraced EVs as 
innovative, high-performing, modern machines that are sufficiently well-
advanced’ and ‘perceived them as being the cars of the future’.  
 
In another application, Peters and Dütschke (2014) applied the foundations of 
DOI Theory to investigate and profile potential consumers of EVs. Their 
research differentiated four groups of consumers including actual users, 
consumers intending to buy an EV, interested and not interested consumers. 
They found significant differences between those likely to adopt EVs and those 
non-interested consumers. The results showed that early users in Germany 
were ‘most likely to be middle-aged men living with their families in a multi-
vehicle household who have a higher WTP for an EV’ (Peters & Dütschke 
2014, p. 359).  
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Despite these previous applications, DOI Theory has been criticised for its 
simplicity. Some critics have stated that ‘problems arise when the diffusion 
model is applied in situations where its basic assumptions are not met—that is 
to say, virtually every case involving complex, advanced technology’ (Eveland 
& Tornatzky 1990, p. 123). Other critics have also claimed that the theory 
‘mixes technical, economical, sociological and psychological constructs’ in the 
list of innovation characteristics (Lane & Potter 2007, p. 1087). Another 
criticism is that DOI Theory does not specifically account for the role of 
attitudes in the adoption decision and it is therefore ‘not known why certain 
attitudes lead to innovation adoption or rejection decision’ (Tarhini, 
Arachchilage & Abbasi 2015, p. 62). Given the complexity associated with the 
purchase process regarding EVs and the desire to provide insight into the role 
of attitudes, the TPB, as presented in Section 2.3.5, was preferred over the 
DOI in this study.  
 
2.3.2 Normative theories 
In other applications, the adoption of EVs is considered to be influenced by a 
consumer’s values, beliefs and norms. Theoretical frameworks such as the 
Norm Activation Model (NAM) and Value–Belief–Norm (VBN) Theory 
(Schwartz 1977; Stern 2000; Stern et al. 1999) have been applied to explore 
EV adoption. These theories differ from other frameworks in that they view 
internal normative beliefs and values as motives for EV adoption. 
 
Initially developed to explain altruistic behaviour, the NAM suggests that 
behaviour is influenced by personal norms that are experienced as ‘feelings of 
moral obligation not as intentions’ (Schwartz 1977, p. 277). These personal 
norms are determined by the awareness of the consequences of behaviour 
and the feeling of responsibility for performing the specific behaviour (Schwartz 
1977). The NAM has been applied to a range of research areas and 
environmental behaviours including willingness to reduce vehicle use and pro-
environmental behaviour (Eriksson, Garvill & Nordlund 2006; Nordlund & 
Garvill 2002; Onwezen, Antonides & Bartels 2013; Schultz et al. 2005). 
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In an extension to the NAM, the VBN was developed drawing on the foundation 
of the NAM and other ‘theoretical work on values’ (Stern et al. 1999, p. 81). 
The framework proposes a causal chain of five variables that include personal 
values, beliefs about human–environment relationships, their consequences; 
the individual’s responsibility for taking corrective action, and personal norms 
for moral obligation (Stern 2000). The VBN has been applied in several 
domains including environmental conservation and adoption of alternative-fuel 
vehicles (Chen, Xu & Frey 2016; Jansson, Marell & Nordlund 2011). Figure 
2.1 presents an overview of the VBN framework. 
 
 
Figure 2.1: VBN framework; adapted from Stern (2000, p. 412) 
 
In relation to consumer behaviour towards EVs, both the NAM and VBN have 
been applied to explore EV adoption (Jansson, Marell & Nordlund 2011; Lane 
& Potter 2007; Nordlund, Jansson & Westin 2016). In a recent application, 
Nordlund, Jansson and Westin (2016) studied consumers’ intentions to switch 
to an EV, HEV or PHEV, using the NAM and VBN frameworks. Their study 
showed that owners of EVs or alternative-fuel vehicles differed in relation to 
values, beliefs and norms, with owners of EVs found to be less conservative, 
more aware of environmental issues and demonstrating higher moral 
obligation towards green transportation choices. 
  
2.3.3 Symbolism and identity 
Symbolic aspects of a vehicle, including status or image associated with a 
particular vehicle type, model or brand have been shown to play a key role in 
vehicle adoption (Choo & Mokhtarian 2004; Steg 2005; Turrentine & Kurani 
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2007). As stated by Steg (2005, p. 149), the symbolic aspects of a vehicle 
‘refer to the fact that people can express themselves and their social position 
by means of (the use of) their car, they can compare their (use of the) car with 
others and to social norms’. Lane and Potter (2007, p. 1091) reinforced the 
importance of status in the consumer’s decision-making process in finding ‘the 
car, as a status symbol, is a key factor in reinforcing anti-environmental car 
travel behaviour’. 
 
Consumer adoption of alternative vehicles including EVs is known to have a 
strong symbolic meaning (Burgess et al. 2013). However, the ‘symbolic 
meanings of EVs are currently in a state of flux’ with EVs having both positive 
and negative associations with consumers (Burgess et al. 2013, p. 42). 
Research has highlighted that consumers look favourably on the 
environmentally friendly image associated with the EV. As stated by Skippon 
and Garwood (2011), EV drivers may be viewed as ethical, caring and 
considerate towards the environment. In contrast, EVs are seen by some as 
different, strange, abnormal and off-putting (Burgess et al. 2013). Burgess et 
al. (2013, p. 38) even reported that to some drivers, EVs are seen as ‘a bit of 
a joke’, ‘attract sniggers’ and are seen ‘as ‘‘gimmicks” that are not to be taken 
seriously’.  
 
In one example, Noppers et al. (2014) proposed a model of adoption of 
sustainable innovations, proposing that adoption was driven by the evaluation 
of instrumental, environmental and symbolic attributes. In this model, the 
symbolic attributes were defined as the positive or negative outcomes of the 
ownership and use of the sustainable innovation for personal identity and 
social status. The research showed that favourable evaluations of symbolic 
attributes did improve consumer interest in EVs (Noppers et al. 2014). 
 
In another approach, Schuitema et al. (2013) proposed a model where 
intention to adopt new technologies was linked to consumers’ innovativeness, 
which was defined by instrumental, hedonic and symbolic motivations. The 
hedonic attributes were related to the emotional experience derived from using 
an EV, while symbolic attributes were related to a sense of self or social identity 
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reflected by or built from the possession of new technologies. In completing 
research into UK consumer behaviour towards PHEVs and EVs, they were 
able to report that ‘intention to adopt PHEVs and BEVs is stronger if people 
have a positive perception of their instrumental, hedonic, and symbolic 
attributes’ (Schuitema et al. 2013, p. 47). However, they also found that 
consumer behaviour towards EVs differs from that towards HEVs, with 
participants having more ‘negative perceptions of the instrumental, hedonic, 
and symbolic attributes of EVs and a lower intention to choose them compared 
to PHEVs’ (Schuitema et al. 2013, p. 47). 
 
In researching UK consumers, Morton, Anable and Nelson (2016a) provided 
further support for the importance of symbolism and meaning in consumer 
behaviour towards EVs. They developed and applied a conceptual framework 
that examined the influence of vehicle meanings on the determination of 
consumers’ attitudes towards EVs. Their study showed that ‘attitudinal 
constructs offer additional predictive power over socio-economic 
characteristics’ (Morton, Anable & Nelson 2016a, p. 495). They also reported 
that ‘emotive meanings of car ownership are as, if not more, effective in 
explaining the assessment of EV instrumental capability as compared to 
issues of cost and environmental concern’ (Morton, Anable & Nelson 2016a, 
p. 517). 
 
2.3.4 The Theory of Planned Behaviour  
Since its publication, Ajzen’s (1991) TPB and its predecessor the Theory of 
Reasoned Action (TRA) have become two of the most widely adopted 
frameworks to explore intention and behaviour. The two models have been 
‘designed to provide parsimonious explanations on informational and 
motivational influences on behaviour’ (Conner & Armitage 1998, p. 1430). The 
models attempt to explain the relationship between values, beliefs, attitudes, 
intentions and behaviour and ‘imply that individuals make behavioural 
decisions based on careful considerations of available information’ (Conner & 
Armitage 1998, p. 1430). 
 
Chapter 2  Literature review 
 
39 
 
The TRA proposes that an individual’s behaviour is influenced by intention, 
which in turn is determined by attitudes and subjective norms (Ajzen & 
Fishbein 1975, 1980). Attitudes form the overall evaluation of the behaviour by 
the individual, while subjective norms reflect an individual’s belief about 
whether others who are important to them think they should engage in the 
behaviour. The TRA has been applied in a number of domains and shown to 
have strong behavioural predictive ability (Sheppard, Hartwick & Warshaw 
1988).  
 
Despite the predictive ability of the TRA and its widespread application has 
been criticised for its inability to represent behaviour when it is not under 
complete volitional control. This criticism led to the development of the TPB 
(Ajzen 2011). Developed by Ajzen (1991, p. 181), the TPB is an extension of 
the TRA given the ‘original model’s limitations in dealing with behaviours over 
which people have incomplete volitional control’. The theory incorporates 
perceived behavioural control as a third predictor of behavioural intentions. 
Ajzen (1991) suggested that intention is therefore determined by three factors 
as follows: 
The first is the attitude toward the behaviour and refers to the degree to which 
a person has a favourable or unfavourable evaluation or appraisal of the 
behaviour in question. The second predictor is a social factor termed 
subjective norm; it refers to the perceived social pressure to perform or not to 
perform the behaviour. The third antecedent of intention is the degree of 
perceived behavioural control which, as we saw earlier, refers to the perceived 
ease or difficulty of performing the behaviour and it is assumed to reflect past 
experience as well as anticipated impediments and obstacles. (Ajzen 1991, p. 
188) 
 
Ajzen’s (1991) model proposes that the antecedents of attitudes, subjective 
norms, and perceived behavioural control are the individual’s salient beliefs as 
follows: 
At the most basic level of explanation, the theory postulates that behaviour is 
a function of salient information, or beliefs, relevant to the behaviour. People 
can hold a great many beliefs about any given behaviour, but they can attend 
to only a relatively small number at any given moment (see Miller 1956). It is 
these salient beliefs that are considered to be the prevailing determinants of a 
person’s intentions and actions. (Ajzen 1991, p. 189) 
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In proposing the TPB, Ajzen (1991, p. 188) emphasised that ‘the relative 
importance of attitude, subjective norm, and perceived behavioural control in 
the predicting of intention is expected to vary across behaviours and 
situations’. Consequently, this means that all determinants may not have an 
equal role in predicting intentions (Ajzen 1991). The TPB is illustrated in Figure 
2.2. 
 
 
 
 
Figure 2.2: TPB framework; adapted from Ajzen (1991, p. 182) 
 
The theory has been successfully applied across a number of domains, 
including the adoption of EVs (Bamberg 2003; Bamberg, Ajzen & Schmidt 
2003; Elliott, Armitage & Baughan 2007; Mohamed et al. 2016; Moons & De 
Pelsmacker 2012, 2015; Nayum & Klöckner 2014). For example, in an effort 
to identify likely adopters of EVs in Canada, Mohamed et al. (2016, p. 100) 
developed and applied an ‘extended version of the Theory of Planned 
Behaviour’ in a structural equation model (SEM) to quantify the effects of 
personal beliefs on individual adoption intention. The results of their study 
provided further support for the application of the TPB, finding that attitude, 
perceived behavioural control and both moral and subjective norms have 
significant direct effects on behavioural intention towards EVs.  
 
Nayum and Klöckner (2014) also incorporated the foundations of the TPB 
framework in developing a comprehensive action determination model to 
explain private consumers’ purchase of fuel-efficient vehicles, including EVs. 
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The model incorporated elements not only from the TPB, but also from the 
NAM and VBN to examine the psychological, situational and demographic 
factors influencing consumer choice of fuel-efficient vehicles. The study 
revealed that the influence of perceived instrumental, hedonic and symbolic 
attributes had a significant influence on the intention to buy a fuel-efficient 
vehicle.  
 
The TPB has also been applied in the commercial sector to investigate the 
intention of small and medium-sized firms to adopt EVs in commercial fleets. 
In a study investigating the adoption of EVs in the commercial sectors across 
Austria, Denmark and Germany, Kaplan et al. (2016) developed and applied a 
framework based on the foundations of the TPB. The framework not only 
contained attitude, subjective norms and perceived behavioural control 
measures, but also included the participants’ familiarity with EVs. The results 
revealed that positive attitudes, subjective norms and familiarity with EVs are 
more important than perceived operational ease and control. Table 2.3 
provides a summary of the application of the TPB in relation to EVs. 
  
Chapter 2  Literature review 
 
42 
 
Table 2.3: Applications of the TPB in exploring EV adoption 
Author Region Vehicles 
studied 
Constructs studied 
Moons and De 
Pelsmacker 
(2012) 
Belgium EV Attitude, subjective norms, perceived 
behavioural control factor, emotions and 
intention 
Nayum and 
Klöckner 
(2014) 
Norway EV  Self-enhancement value, self-
transcendence value, openness to 
change value, conservation-tradition 
value, environmental belief, awareness of 
need, awareness of consequences, 
ascription of responsibility, introjected 
norm, integrated norm, descriptive norm, 
subjective social norm, perceived 
behavioural control, attitude and intention 
Barbarossa et 
al. (2015) 
Denmark, 
Belgium 
and Italy 
EV Green self-identity, environmental 
consequences, green moral obligation, 
attitude and intention  
Moons and De 
Pelsmacker 
(2015) 
Belgium EV Attitude, subjective norms, perceived 
behavioural control, emotions, habits and 
intention 
Sang and 
Bekhet (2015) 
Malaysia EV Social influences, financial benefits, 
environmental concerns, infrastructure 
readiness, government interventions and 
intention 
Chen, Xu and 
Frey (2016) 
China PHEV, HEV, 
EV  
Attitudes, subjective norms, perceived 
behavioural control, descriptive norms, 
knowledge, policy support and intention 
Kaplan et al. 
(2016) 
Denmark 
Germany 
and 
Austria 
EV Attitudes, perceived familiarity, subjective 
norms, perceived operational ease and 
intention 
Mohamed et al. 
(2016) 
Canada EV Attitudes, subjective norms, perceived 
behavioural control, personal moral 
norms, environmental concern and 
intention 
 
Research findings support the application of the TPB over other prominent 
psychological frameworks, including the NAM and VBN presented earlier. In 
comparing the performance of the NAM to the TPB, Bamberg and Schmidt 
(2003, p. 279) found that the power of the NAM was ‘considerably lower’ than 
that of the TPB. Kaiser, Hübner and Bogner (2005) compared the VBN 
framework to the TPB in terms of their ability to explain conservation 
behaviour. The research found that ‘the TPB identifies both the behaviour and 
its most proximal determinant more fully than its counterpart, the VBN model’ 
(Kaiser, Hübner & Bogner 2005, p. 2165). The results and fit statistics also 
revealed that ‘only the TPB depicts the relations among its concepts, whereas 
the VBN does not’ (Kaiser, Hübner & Bogner 2005, p. 2150).  
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Despite previous applications of the TPB, the framework has been criticised in 
relation to its assumption of rationality and sufficiency to represent intention 
and behaviour. First, a common criticism of the TPB is that it is too ‘rational’ 
and does not sufficiently account for ‘cognitive and affective processes that are 
known to bias human judgements and behaviour’ (Ajzen 2011, p. 1115). 
According to Ajzen (2011, p. 1116), however, the TPB has often been 
misinterpreted to assume ‘impassionate, rational actors who view all available 
information in an unbiased fashion to arrive at a behavioural decision’. This is 
not the case and there is ‘no assumption in the TPB that behavioural, 
normative and control beliefs are formed in a rational, unbiased fashion or that 
they accurately represent reality’ (Ajzen 2011, p. 1116). 
 
Previous applications have also raised concerns about the correlation between 
intention and behaviour (Ajzen 2011). In a 2011 study, McEachan et al. (2011) 
completed a meta-analysis of the TPB to assess the extent to which 
methodological factors moderate its effectiveness. The review discussed the 
role of time as a moderator of the relationship between intention and 
behaviour, suggesting the model is able to more accurately predict behaviours 
over the shorter term than over the longer term. Ajzen (2011, p. 1115) has 
acknowledged this finding, recognising that ‘it stands to reason that, as time 
passes, an increasing number of intervening events can change people’s 
behavioural, normative or control beliefs, modify attitudes, subjective norms or 
perceptions of control, thus generating revised intentions’.  
 
Similarly, the ability of the TPB to account for spontaneous, reactive or 
immediate situational behaviour has been questioned. Ajzen (2011) 
responded to this criticism by stating that ‘there is no assumption in the TPB 
that people carefully and systematically review all the available information 
before they form the intention to engage in the behaviour’ (Ajzen 2011, p. 121). 
Instead Ajzen (2011, p. 121) stated that the theory recognises ‘most behaviour 
in everyday life are performed without much cognitive effort’. Ajzen (2011) also 
recognised that the amount of cognitive effort or information processing 
required will depend based on the complexity of the decision.  
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The sufficiency of the TPB to predict behaviour from intentions has also been 
questioned, with critics proposing that the constructs are necessary but not 
sufficient to completely explain intention and actions (Bagozzi 1992; Conner & 
Armitage 1998). However, the inclusion of additional constructs has been 
defended by Ajzen (2011), who stated that the possibility of adding more 
predictors was explicitly left open in the development of the TPB. However, 
Ajzen (2011) did provide guidance on some of the criteria that should be used 
before a new construct is included in the theory. This guidance includes being 
behaviour specific and ensuring the construct is conceived as a possible 
causal factor of intention and behaviour. The guidance also extends to ensure 
the construct is conceptually independent of the theory’s existing predictors, 
applicable to a wide range of behaviours and is considered to improve the 
prediction of behavioural intentions.  
 
The TPB has been criticised for not adequately accounting for the role of 
emotions (Conner & Armitage 1998; Gibbons et al. 1998). However, as stated 
by Ajzen (2011, p. 116), this is based on the ‘mistaken perception that the 
theory posits a rational actor unaffected by emotions’. Ajzen (2011, p. 116) 
outlined that emotions serve as background factors that ‘influence the 
behavioural, normative and/or control beliefs’. In other words, affect and 
emotions may ‘have an indirect effect on intentions and behaviour by 
influencing the kinds of beliefs that are salient in a given situation, as well as 
the strength and evaluative connotations of the beliefs’ (Ajzen 2011, p. 116).  
 
Another criticism of the TPB is that it does not directly account for past 
behaviour or habit in predicting intentions and behaviour. Despite informing 
attitudes and personal norms, proponents for its inclusion believe that there is 
a strong correlation between past and future behaviour (Ajzen 2011). In 
support of the inclusion of habit, the literature examining consumer preference 
for vehicles shows that this factor may play an important role in consumers’ 
preferences towards vehicles. For example, Anable (2005, p. 66) stated that 
‘studies suggest that much of people’s daily travel mode choices are habitual 
and not always preceded by the deliberation of alternatives’. Further, 
purchasing a vehicle is a complex process and much of the previous research 
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has shown that when individuals do not have complete information, they rely 
on past experience (Kiel & Layton 1981). 
 
In contrast to this belief, some researchers have questioned the role that habit 
plays in the decision-making process. Challengers of the importance of habit 
in the decision-making process have stated that ‘large investments such as 
car purchases are not the same as repeated every day consumption behaviour 
and therefore the influence of past behaviour is trivial’ (Nayum, Klöckner & 
Prugsamatz 2013, p. 98). This is supported by the fact that vehicles are 
infrequently purchased by consumers. Further, Ajzen (2011) defended the 
omission of past behaviour and habits in the TPB as it fails to meet the 
requirement of a causal antecedent of intention and ‘it is difficult to argue that 
the performance of a behaviour in the past directly caused a person’s current 
intention’ (Ajzen 2011, p. 1120). Ajzen (2011) did, however, acknowledge that 
further research on the role of habits is required. Given the arguments 
advanced by Nayum, Klöckner and Prugsamatz (2013), the role of habits was 
not included in the conceptual framework and remains an area for further 
research. 
 
2.3.5 Other psychological constructs and frameworks 
In addition to the above theories and frameworks, a number of other 
psychological constructs have been applied to explore EV adoption.  
 
2.3.5.1 Pro-environmental preferences 
As alluded to above, consumer preferences in relation to the environment have 
been the focus of several studies of EV adoption (Adnan et al. 2017; Ewing & 
Sarigöllü 1998; Sang & Bekhet 2015; Schuitema et al. 2013). The distinct 
advantage of EVs over vehicles powered by fossil fuels is their ability to reduce 
petroleum consumption and GHG emissions. Consequently, EVs are 
considered to appeal to environmentally conscious consumers. In some 
instances, environmentally conscious consumers are ‘willing to pay more for 
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sustainable solutions (low-emission vehicles) despite potential drawbacks 
(such as a reduced refuelling availability)’ (Daziano & Bolduc 2013, p. 76). 
 
Nevertheless, despite the reported influence of consumers’ environmental 
beliefs, it has been shown that environmental concerns are not as strong as 
other factors in influencing a consumer’s preference for environmentally 
friendly vehicles including the EV (Cocron et al. 2011). Other factors have been 
shown to be more influential in a consumer’s decision making. Preference 
studies have shown that although environmental concerns show ‘an effect’, 
these are not the most influential factors in EV adoption (Cocron et al. 2011, 
p. 129). This view was also supported by Hidrue et al. (2011), who found that 
participants placed greater importance on the operating costs and expected 
fuel savings associated with EVs, than on their desire to make an 
environmentally conscious decision. 
 
2.3.5.2 Emotions 
The role of emotions has been specifically investigated across a number of 
research areas including consumers’ pro-environmental and car purchase 
behaviours (Kals, Schumacher & Montada 1999; Steg 2005). Emotions and 
hedonic attributes such as pleasure, excitement and joy have been suggested 
to generate negative or positive emotions that, in turn, inhibit or stimulate 
intention (Schuitema et al. 2013). Emotions may affect intention both positively 
and negatively. However, limited research has been completed investigating 
the role of emotions in the adoption of EVs. 
 
One study that did focus on the role of emotions in consumer behaviour was 
that of Graham-Rowe et al. (2012) on mainstream consumers’ responses 
towards EVs. In semi-structured interviews following participants’ experiences 
with EVs in a seven-day trial, Graham-Rowe et al. (2012, p. 148) reported that 
participants’ emotions were linked to environmental behaviour such as the ‘feel 
good factor’ and ‘lower levels of guilt’. 
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In another study exploring the role of emotions, Moons and De Pelsmacker 
(2012) incorporated emotional reactions towards car driving and the EV in an 
expanded TPB model. They found that emotions, along with attitudes, play a 
significant and influential role in determining usage intention. Emotions and 
attitudes towards an EV were found to be the strongest determinants of usage 
intention, compared to subjective norms and perceived behavioural control. 
The research showed that consumers ‘in segments that are more inclined to 
use the electric car are less driven by emotions towards the electric car and 
more by reflective emotions towards car driving, and take more perceived 
behavioural concerns into account’ (Moons & De Pelsmacker 2012, p. 197). 
 
2.3.5.3 Technology Acceptance Model 
The Technology Acceptance Model (TAM) is among the most commonly 
employed theories for examining technology acceptance. The model has been 
used to predict the adoption of a range of technologies including email, instant 
messaging (Lu, Zhou & Wang 2009), online shopping (Gefen, Karahanna & 
Straub 2003) and public transport (Chen & Chao 2011).  
 
Initially proposed by Davis, Bagozzi and Warshaw (1989), the TAM attempts 
to explain acceptance of technology, proposing that an individual’s intention 
towards behaviour is determined by a consumers belief about the ease of use 
and perceived usefulness towards using the technology. Davis, Bagozzi and 
Warshaw (1989, p. 985) defined perceived usefulness as ‘the prospective 
user’s subjective probability that using a specific application system will 
increase his or her job performance within an organizational context’. The 
perceived ease of use is considered the ‘degree to which the prospective user 
expects the target system to be free of effort’ (Davis, Bagozzi & Warshaw 
1989, p. 985). The perceived ease of use and perceived usefulness then 
determine attitude and behavioural intention, which drives actual product use 
or adoption, as shown in Figure 2.3. 
 
Chapter 2  Literature review 
 
48 
 
 
Figure 2.3: TAM framework; adapted from Davis, Bagozzi and 
Warshaw (1989, p. 985) 
 
The TAM has been criticised for its simplicity and inability to provide insight 
into the process behind acceptance, particularly given the model’s exclusion 
of social effects (Bagozzi 2007; Tarhini, Arachchilage & Abbasi 2015). In 
defence of the model, Davis, Bagozzi and Warshaw (1989, p. 999) stated that 
despite finding an insignificant relationship between social norms and 
intention, further research is needed to ‘better understand the nature of social 
influences, and to investigate conditions and mechanisms governing the effect 
of social influences on usage behaviour’. In relation to EVs, Ambak et al. 
(2016) used the TAM to investigate the acceptance of EVs in Malaysia. The 
results of their research revealed that both perceived ease of use and 
perceived usefulness were significant predictors of attitude towards using EVs, 
although perceived ease of use was the stronger of the two. In turn, attitude 
towards using EVs was also found to be significant in influencing consumer 
intention.  
 
The TAM has also been compared to the TPB, finding that the TPB is better 
than the TAM at predicting behaviour (Mathieson 1991; Taylor & Todd 1995). 
Thus, the TPB was selected for this thesis over the TAM, because of its 
superior performance as outlined in Chapter 3. 
 
2.3.5.4 Social influence 
As outlined above under previous frameworks such as the TPB and DOI, the 
intention to purchase an EV has been shown to be influenced by social forces 
and behaviour of people in their social network. Societal influence can be 
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considered a broad notion explored under themes of peer pressure, social 
networks, neighbour effects and cultural forces (Kim, Rasouli & Timmermans 
2014; Mau et al. 2008; Rasouli & Timmermans 2016). A number of studies 
investigating EV adoption have focused on the role of social norms and 
networks as a specific area of interest. In particular, Mau et al. (2008) proposed 
the idea of the ‘neighbour effect’ in which consumers’ behaviour towards 
alternative vehicles would differ based on the market share and the number of 
people owning that vehicle.  
 
2.3.5.5 Protection-based theory 
In addition to the aforementioned adoption frameworks, other motivational 
models such as the Protection Motivation Theory (PMT) have been applied to 
investigate consumer behaviour towards EVs. Developed by Rogers (1975) 
and initially applied to health-related behaviour, the PMT proposes that threat 
appraisal and coping appraisal are two processes determine whether people 
engage in risk-protective behaviour. In a study of Dutch drivers motivation 
towards EVs, Bockarjova and Steg (2014, p. 279) proposed that the PMT can 
be used to study consumer behaviour of EVs as adoption can be seen as ‘a 
solution to environmental problems caused by the use of a ‘‘hazardous’’ 
conventional fossil fuel vehicles’. They reported that ‘respondents were 
particularly more likely to adopt an EV when they perceived the negative 
consequences caused by conventional vehicles as more severe, and when 
they expected electric vehicles to decrease these consequences’ (Bockarjova 
& Steg 2014, p. 276). Their findings also included that ‘the most important 
barriers for electric vehicle adoption were perceived high monetary and non-
monetary costs of electric vehicles, and benefits associated with the use of a 
conventional vehicle’ (Bockarjova & Steg 2014, p. 276). This further highlights 
the importance of not only vehicle attributes such as operating costs, but a 
greater set of variables to cover psychological constructs, preferences for 
vehicles and driving habits. 
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2.3.6 Combining psychological constructs and vehicle 
attributes 
As can be seen from the above sections, both vehicle attributes and 
psychological constructs play a significant role in the adoption of EVs. 
However, despite this knowledge, there has been limited research jointly 
exploring both factors. Further, such research has applied a mixture of 
psychological constructs, without consensus (Beck, Rose & Greaves 2017; 
Bolduc, Boucher & Alvarez-Daziano 2008; Kim, Rasouli & Timmermans 2014; 
Mabit et al. 2015; Smith et al. 2017; Soto, Cantillo & Arellana 2014).  
 
One of the earliest studies to incorporate both psychological constructs and 
vehicle attributes into a study of vehicle adoption was that of Bolduc, Boucher 
and Alvarez-Daziano (2008). Their research proposed a framework including 
psychological constructs representing environmental concern and 
appreciation of new car features, in conjunction with vehicle attributes. In 
testing the framework on Canadian consumers, they reported that use of 
psychological constructs in conjunction with vehicle attributes and 
sociodemographic characteristics affords ‘a better description of the profile of 
consumers and their adoption of new private transportation technologies’ 
(Bolduc, Boucher & Alvarez-Daziano 2008, p. 17). It is important to note that 
while providing the framework for future research, this study focused on HEVs 
rather than EVs. Other early applications combining both psychological 
constructs and vehicle attributes, including research by Daziano and Bolduc 
(2013) and Daziano (2012), also focused on HEV adoption. 
 
In exploring EV adoption specifically, Glerum et al. (2013) tested a framework 
accounting for consumers’ attitudes. Attitudes towards leasing and the 
convenience of an EV were explored alongside vehicle attributes and 
sociodemographic characteristics. In testing the framework, attitudes were 
found to be significant, highlighting the importance of accounting for 
psychological constructs in EV adoption.  
 
In another application, Kim, Rasouli and Timmermans (2014) tested a 
framework that included vehicle attributes and psychological constructs, such 
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as environmental and social forces. In testing their framework on consumers 
in the Netherlands, they reported that psychosocial constructs related to 
environmental concern and technology ‘play crucial roles in the intention to 
purchase an electric car’ (Kim, Rasouli & Timmermans 2014, p. 84). 
 
In a study of EV adoption in Australia, Smith et al. (2017) combined 
explanatory variables, such as purchase price and range, with psychological 
constructs. The psychological constructs included environmental concerns, 
excitement for new technologies, perceived usefulness and subjective norms. 
The study involved 440 households in Perth, the fourth most populated city in 
Australia (Australian Bureau of Statistics 2015a). It revealed key differences in 
environmental concerns and subjective norms among respondents. 
 
Further, Beck, Rose and Greaves (2017) used best-worst scaling to 
investigate consumer behaviour towards alternative vehicles in Sydney, 
Australia. Specifically, their research explored participants’ responses to five 
vehicle types including HEVs and EVs. They reported that in addition to price, 
operating costs and emissions, attitude to the environment was a key 
determinant of vehicle adoption. Table 2.4 presents an overview of research 
exploring the influence of psychological constructs and vehicle attributes in EV 
adoption. 
 
The above research has outlined the variety of psychological constructs that 
have been applied to explore EV adoption in conjunction with vehicle 
attributes. Further, while some of the above studies touched on elements of 
the TPB, no study has yet incorporated the TPB and all its constructs in 
conjunction with vehicle attributes, to explore EV adoption. This reveals a gap 
in current knowledge. Including the TPB and the constructs of attitude, 
subjective norms, perceived behavioural control and intention, in conjunction 
with vehicle attributes, presents an opportunity to provide a holistic and more 
insightful understanding of EV adoption. 
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Table 2.4: Research exploring the influence of psychological 
constructs and vehicle attributes in EV adoption 
Author Region Vehicles studied Psychological constructs 
studied 
Bolduc, 
Boucher and 
Alvarez-
Daziano 
(2008) 
Canada Conventional 
(gasoline/diesel), natural 
gas, HEV, hydrogen fuel 
cell 
Environmental concern, 
appreciation of new car 
features 
Daziano 
(2012) 
Canada Conventional 
(gasoline/diesel), natural 
gas, HEV, hydrogen 
Safety, appreciation of new 
car features 
Daziano and 
Bolduc (2013) 
Canada Conventional 
(gasoline/diesel), natural 
gas, HEV, hydrogen  
Environmental concern 
Glerum et al. 
(2013) 
Switzerland Conventional (gasoline), 
EV 
Pro-leasing attitude, pro-
convenience attitude 
Jensen, 
Cherchi and 
Mabit (2013) 
Denmark Conventional 
(gasoline/diesel), EV 
Attitude 
Kim, Rasouli 
and 
Timmermans 
(2014) 
Netherlands Conventional (gasoline), 
EV 
Environmental aspects, 
economic aspects, battery 
aspects, technology 
aspects, innovation value 
Soto, Cantillo 
and Arellana 
(2014) 
Columbia Conventional 
(gasoline/diesel), natural 
gas, HEV, EV 
Support for green 
transportation policies, 
environmental concern, 
attitudes towards 
technology, attitudes 
towards car use  
Baillif et al. 
(2015) 
France, 
Germany, 
UK, Italy, 
and Spain 
EV, PHEV Anxiety, environmental 
friendliness, compatibility 
Mabit et al. 
(2015) 
Denmark Conventional 
(petrol/diesel), HEV, 
biodiesel, EV 
Appreciation of car features 
Valeri and 
Cherchi (2016) 
Italy Conventional 
(gasoline/diesel), Natural 
gas, LPG, HEV, EV 
Latent inertia 
Beck, Rose 
and Greaves 
(2017) 
Australia Conventional 
(petrol/diesel), HEV, 
PHEV, EV 
Environmental concern, 
readiness to change  
Cherchi (2017) Denmark Conventional 
(gasoline/diesel), EV 
Social forces (injunctive 
norms) 
Smith et al. 
(2017) 
Australia Conventional 
(petrol/diesel), HEV, EV 
Environmental concern, 
excitement for learning 
new, technologies, 
perceived usefulness, 
subjective norms 
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2.4 Sociodemographic characteristics 
To better understand EV adoption, there has been extensive research 
exploring the role of sociodemographic characteristics and their influence on 
preferences towards EVs. Factors such as gender, age, education and income 
have been included in most research studies aiming to understand and profile 
consumers orientated towards EVs (Hackbarth & Madlener 2013, 2016; 
Hardman, Shiu & Steinberger-Wilckens 2016; Hidrue et al. 2011; Jensen, 
Cherchi & Mabit 2013; Plötz et al. 2014; Sierzchula et al. 2014; Ziegler 2012). 
However, despite the abundance of empirical research, there is no clear 
consensus in the literature on the role of sociodemographic characteristics.  
 
Research has provided conflicting results around major demographic 
characteristics including gender, age, income, education level and household 
composition (Hackbarth & Madlener 2013, 2016; Hardman, Shiu & 
Steinberger-Wilckens 2016; Hidrue et al. 2011; Jensen, Cherchi & Mabit 2013; 
Liao, Molin & van Wee 2017; Plötz et al. 2014; Sierzchula et al. 2014; Ziegler 
2012). For example, in a study of US consumers, Hidrue et al. (2011) stated 
that those with an orientation towards EVs are likely to be younger and highly 
educated. Other research, such as the German study by Plötz et al. (2014), 
presented a different view of likely early adopters, suggesting that the ‘most 
likely group of private EV buyers in Germany are middle-aged men with 
technical professions, living in rural or suburban multi-person households’ 
(Plötz et al. 2014, p. 96). Axsen, Goldberg and Bailey (2016, p. 369) explored 
the differences between pioneers and mainstream adopters and reported that 
‘pioneers are more likely to be male, middle aged and have higher income and 
education’.  
 
Sierzchula et al. (2014, p. 191) reviewed the market for EVs across 30 
countries including Australia and found that sociodemographic characteristics 
such as income and education level were not good predictors of adoption 
levels. However, they did recognise that this result may be due to the low 
market shares of EVs and consequently, if ‘EVs emerge from a niche market, 
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then sociodemographic data might be more accurately used to predict 
adoption levels at the national scale’ (Sierzchula et al. 2014, p. 192). 
 
Researchers have also explored the role of demographic characteristics in 
combination with psychological and social forces. Demographics have been 
shown to play a key role in influencing psychological constructs such as 
attitudes and perceptions (Egbue & Long 2012; Mohamed et al. 2016). By 
exploring the attitudes and perceptions of vehicle owners in the US, Egbue 
and Long (2012) reported that attitudes, knowledge and perceptions of EVs 
differed across key demographic factors such as gender and age. Their 
findings suggested that males are more likely than females to indicate some 
interest in alternatives to the ICE, including EVs.  
 
These mixed findings relating to the role of sociodemographic characteristics 
demonstrate the need for further research into the role of gender, age, 
education, income and family status in determining EV adoption. 
 
2.5 Vehicle preferences and driving habits 
Despite the insights provided by the aforementioned studies, the majority of 
research to date ‘considers the vehicle fleet to be monolithic’, with only a few 
studies exploring variation in consumer preferences arising from different 
vehicle preferences and driving habits (Al-Alawi & Bradley 2013, p. 201). The 
vehicle market is highly diverse, with a number of different vehicle sizes and 
body types available. Across the globe, consumers can select between a 
variety of vehicles, from small to large vehicles, across a broad price range. It 
has thus been suggested that it is unlikely that consumers with different 
preferences and driving habits will respond to EVs in the same manner 
(Hardman, Shiu & Steinberger-Wilckens 2016). Research has suggested that 
holding a preference for vehicles as a mode of transport, holding a preference 
for a particular sized vehicle, belonging to a multi-vehicle household and 
vehicle usage all influence EV adoption (Axsen, Goldberg & Bailey 2016; 
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Hidrue et al. 2011; Jensen, Cherchi & de Dios Ortúzar 2014; Lieven et al. 
2011). 
 
First, in exploring the role of vehicle size, it has been reported that the decision-
making process of consumers wishing to purchase a small passenger vehicle 
is quite different to that of consumers considering other models such as large 
passenger vehicles or sports cars (Anable 2005; Choo & Mokhtarian 2004; 
Lieven et al. 2011). For example, Choo and Mokhtarian (2004) reported that 
‘small car drivers tend to perceive themselves as travelling less for short-
distance trips in a personal vehicle than others do, and are less likely to enjoy 
personal vehicle travel’ (Choo & Mokhtarian 2004, p. 211). In contrast, their 
research found that ‘large car drivers tend to have weaker pro-environmental 
and pro-high density attitudes’ (Choo & Mokhtarian 2004, p. 212).  
 
Potential consumers of EVs have also been shown to exhibit differences in 
behaviour across vehicle types. In their research on consumers’ individual 
priorities and social preferences, Lieven et al. (2011) found that consumers’ 
preferences and priorities for EV attributes differed significantly according to 
preferences for vehicle class and size. They found that for small vehicle 
drivers, ‘range barriers are relatively low, but price barriers are the highest of 
all vehicle categories’, making the adoption of EVs unlikely (Lieven et al. 2011, 
p. 241). Similarly, when analysing consumers in the US, Hidrue et al. (2011, p. 
704) found that a person’s propensity to buy an EV ‘increases if a person has 
a tendency to buy a small or medium-sized vehicle’, suggesting a significant 
interaction between the price of the next vehicle that the respondent intended 
to purchase and the price of EV models.  
 
Second, the number of vehicles owned by a household has been shown to 
influence adoption of EVs, but consensus has not been reached. On one hand, 
belonging to a multi-vehicle household has been positively associated with 
adoption (Axsen, Goldberg & Bailey 2016; Jakobsson et al. 2016; Jensen, 
Cherchi & Mabit 2013; Peters & Dütschke 2014). The rationale for this position 
is that consumers from multi-vehicle households will be less impeded by the 
range limitations of the EV, as they can use other, potentially ICE-powered 
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vehicles when needing to travel longer distances. In contrast, Zhang, Yu and 
Zou (2011) reported that the more vehicles a family has, the less willing is a 
consumer in this family to purchase an EV.  
 
Third, preference for vehicles as a mode of transport has been suggested as 
a factor guiding adoption, with consumers having favourable preferences 
towards vehicles being more resistant to EV adoption. For example, in a study 
of 506 English consumers, Morton, Anable and Nelson (2016a, p. 504) 
reported that the ‘degree to which cars are generally regarded as important 
and irreplaceable components of everyday life tends to positively explain 
negative EV attitudes’.  
 
Consumers also use their vehicles in different ways depending on driving 
habits, such as average driving distance, which can differ significantly among 
consumers depending on location, workplace or social network. Differences in 
vehicle usage have been shown to lead to variation in the purchase decision 
towards EVs (Jensen, Cherchi & de Dios Ortúzar 2014; Jensen, Cherchi & 
Mabit 2013; Khan & Kockelman 2012; Lim, Mak & Rong 2014; Tamor & Milačić 
2015). One of the notable limitations of EVs are their limited driving range, with 
consumers who drive large distances generally considered to be more 
tentative regarding EV adoption. In contrast, those consumers who travel large 
distances have the greatest potential to benefit from any improvements in 
operating costs, which may stimulate adoption (Wu, Inderbitzin & Bening 
2015). Both Plötz et al. (2014) and Hidrue et al. (2011) found that consumers 
driving large distances were more likely to adopt EVs. 
 
At the time of this research study, only three EVs were available in the 
Australian market to purchase, of which two were small-sized vehicles. Given 
the diversity in decision making, further research is required to improve the 
understanding of how preference and driving habits influence the adoption of 
EVs in the Australian market. 
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2.6 Market structure, incentives and policy 
measures 
As evident from the above sections, research into the decision making towards 
EVs in particular has focused on overseas markets including Europe, Asia and 
the US (Hackbarth & Madlener 2016; Hidrue et al. 2011; Hoen & Koetse 2014; 
Li et al. 2017; Link et al. 2012; Parsons et al. 2014; Ziegler 2012). However, 
comparing knowledge and findings across markets is difficult as differences in 
economic, environment and cultural influences across market structures are 
known to influence how consumers respond to EVs (Tanaka et al. 2014). To 
date, only a handful of studies have been completed in Australia and very little 
is known about the decision-making process and EV adoption. This section 
discusses the role of the market structure, incentives and policy measures in 
influencing EV adoption, before concluding with a review on current knowledge 
of determinants of EV adoption in Australia. 
 
2.6.1 Market structure 
The Australian consumer exhibits some key differences in behaviour 
compared with those in other automobile markets. With an increased focus on 
‘sustainability’ and the environment, the Australian consumer has become 
‘increasingly aware of the need to reduce our environmental footprint’ and as 
a result has ‘adopted a more socially responsible stance by moving beyond 
mere compliance and engaging in more environmental behaviour’ (Gadenne 
et al. 2011, p. 7684). This is in contrast to other nations, which may not share 
the same attitude towards the environment (Gadenne et al. 2011). For 
example, it has been reported that ‘31 per cent of people in the US thought 
environmental issues were exaggerated, compared with 24 per cent in New 
Zealand, 23 per cent in Australia and 22 per cent in the UK’ (Kilbourne & 
Polonsky 2005, p. 37). Consequently, Australian consumers may be more 
receptive to environmental initiatives, including the EV, providing the rationale 
for this research. 
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Moreover, characteristics of the Australian automobile market differ 
significantly from those of other overseas markets. The Australian population 
has become reliant on automobiles, recording significantly higher levels of 
ownership than some European and Asian nations (Millard-Ball & Schipper 
2011; Office of Energy Efficiency & Renewable Energy 2018). Vehicle 
ownership and dependency is also expected to increase among older adults, 
in line with Australia’s aging population. This will likely result in an increase in 
the percentage of older adults who prefer private vehicle travel over other 
forms of transport (Buys et al. 2012). 
 
Further, the vast landscape and low population density also mean that 
Australia has one of the highest levels of vehicle usage globally. Australian 
drivers have been found to drive longer distances than their peers in European 
and Asian nations including France, UK, Sweden, Germany and Japan, but 
less than in the US (Millard-Ball & Schipper 2011). Vehicle usage in Australia 
is also supported by the country’s low population density relative to countries 
in Europe, Canada and the US (McIntosh et al. 2014). Population density is 
known to have a causal relationship with private vehicle travel, with lower 
densities having higher vehicle usage (McIntosh et al. 2014; Millard-Ball & 
Schipper 2011).  
 
Given the key differences in market structure and dynamics, it is clear that 
research into Australian consumers’ decision-making process towards EVs is 
needed. Results from previous studies ‘may not be directly transferrable in 
either economic or environmental terms’ (Sharma et al. 2013, p. 64). This 
thesis will thus contribute to filling this knowledge gap by improving 
understanding of Australian consumers’ decision-making processes. This will 
be achieved by providing a unique insight into Australian consumers’ 
behaviour towards the adoption of EVs. 
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2.6.2 Incentives and policy measures 
In an attempt to promote and encourage EV adoption, many countries and 
governments have introduced incentives, subsidies and policy measures to 
improve adoption rates. Incentives include measures such as tax concessions, 
preferential driving privileges and even free parking (Bjerkan, Nørbech & 
Nordtømme 2016).  
 
In some cases, incentives have been shown to play a key role in influencing 
adoption. For example, Bjerkan, Nørbech and Nordtømme (2016) investigated 
the role of incentives in promoting EV ownership in Norway. Their study 
surveyed 3,405 EV owners and investigated their responses to alternative 
incentive options including tax concessions or exemptions, reduced licence 
fees, exemption from road tolls, free parking, bus lane access and free ferry 
tickets. The results revealed that purchase tax and value-added tax (VAT) 
exemptions were critical incentives for more than 80 per cent of respondents 
to promote EV adoption (Bjerkan, Nørbech & Nordtømme 2016). Interestingly, 
they also revealed that for 16 per cent of the sample population, none of the 
incentives were seen as critical in determining EV adoption (Bjerkan, Nørbech 
& Nordtømme 2016). This finding indicates that intentions alone are not 
enough to promote EV adoption and as such, further knowledge of decision 
making is required. 
 
Further, research has suggested that incentives do not have to be financially 
beneficial to be effective. Bakker and Trip (2013) presented a discussion of the 
effectiveness, efficiency and feasibility of possible policy measures arising 
from an expert workshop attended by policy-makers in the North Sea region of 
Europe. They stated that standardising EV charging outlets was seen among 
the experts as the most urgent measure, with the belief that ‘such a standard 
would give a strong signal to prospective EV users and would also make it 
easier for cities to set-up a recharging infrastructure’ (Bakker & Trip 2013, p. 
22).  
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As highlighted in Chapter 1, the Australian Government has offered little 
support to date for EV adoption in the way of incentives and policy measures. 
Thus, there is a need to understand Australian consumer behaviour towards 
EVs, to ensure any future policies are directed at the most salient factors 
determining EV adoption. 
 
2.7 Chapter summary 
This chapter has highlighted the significant body of research exploring the 
adoption of EVs. The review demonstrated the vast array of potential influential 
factors in the adoption of EVs. Factors such as vehicle attributes, 
sociodemographic characteristics, vehicle preferences, driving habits and 
market structure have all been shown to play a role in consumer adoption of 
EVs. However, despite their potential influence, these factors alone cannot 
provide a full picture of the EV market. Psychological constructs are known to 
play a significant role in consumer behaviour in the selection of a particular 
vehicle type, make or model. To fully understand adoption, a holistic model 
including psychological constructs as well as observable factors such as 
vehicle attributes and sociodemographic characteristics is required. The next 
chapter integrates the insights from the literature review and develops a 
conceptual model that aims to provide original insight into the adoption of EVs 
in Australia. 
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CHAPTER 3. CONCEPTUAL FRAMEWORK AND 
HYPOTHESES 
3.1 Introduction 
Chapter 2 presented a review of the literature and current understanding on 
decision making and adoption of EVs in Australia. Based on this review, 
several gaps in the literature were identified. The purpose of this chapter is to 
outline the opportunities for further research and propose a conceptual 
framework to address existing research gaps and expand on the existing body 
of knowledge. 
  
This chapter begins with an overview of the opportunities for further research, 
before outlining the research questions to be addressed. The chapter then 
presents the conceptual framework, before concluding with the hypotheses to 
be tested.  
 
3.2 Opportunities for further research and 
research questions 
The thorough review of the literature presented in the previous chapter 
highlighted the variety of factors influencing the decision to adopt EVs, either 
as potential motivators or barriers towards adoption. The review also 
discussed a number of theories and frameworks used to explore adoption, 
demonstrating the vast number of determinants influencing the decision-
making process and highlighting the inconsistencies, variances and 
contradictions in research to date. From the review, several opportunities for 
further research were identified, as discussed below. 
 
First, in exploring consumers’ responses to EVs, a number of attributes of EVs 
have emerged as key sources of motivation and barriers to adoption. However, 
as discussed in Chapter 2, research findings are far from conclusive on how 
these attributes influence decision making. Moreover, while some attributes 
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have been shown to be more prominent than others, no single combination of 
attributes has been shown to be decisive in determining adoption. This is in 
addition to the fact that the importance placed on attributes has been shown 
to differ depending on the composition of the vehicle. An opportunity therefore 
exists to contribute to the ongoing discussion and provide up-to-date 
knowledge on the role of vehicle attributes in the decision-making process.  
 
Limited attention has also been given to how the Australian consumer values 
the attributes of EVs. While a number of studies have been completed across 
markets in Europe and the US, only a limited amount of research has 
specifically investigated the Australian consumer. The focus of research 
undertaken in Australia has been restricted to specific geographic regions and 
markets (Beck, Rose & Greaves 2017). This gap is further compounded by the 
fact that Australian consumers show some key differences to other markets 
including attitudes to the environment and rates of vehicle ownership and 
usage (Gadenne et al. 2011; Millard-Ball & Schipper 2011). Further, as 
outlined in Chapter 2, the Australian consumer and market dynamics 
significantly differ from those overseas, suggesting studies completed 
overseas may not be reflective of Australian consumers’ adoption of EVs. 
Consequently, research into consumer behaviour across the wider Australian 
population is required. 
 
Further, the majority of research exploring the role of attributes of EVs has 
applied a DCM as the preferred method to investigate decision making. DCM’s 
have been favoured given their ability to provide insight into the perceived 
value or WTP for vehicle attributes. However, the major limitation of the DCM 
approach is that it considers:  
consumers as optimising black boxes with predetermined wants and needs, 
which is at odds with findings from studies in the social sciences that have 
attempted explicitly to map the cognitive path that leads consumers from 
observable inputs to their observed choices in the marketplace. (Vij & Walker 
2016, p. 192)  
 
Through the application of adoption theories and frameworks, other 
researchers have demonstrated the important role of psychological constructs 
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in the purchase process. Adoption decisions have been shown to be 
influenced by psychological constructs through a number of theories and 
frameworks, including the TPB. Nevertheless, these theories are limited in 
their ability to test the value consumers place on attributes and their associated 
WTP.  
 
In light of the potential benefits of existing approaches, some researchers have 
proposed combining psychological and economic perspectives to provide a 
more realistic representation of the purchase process. For example, Daziano 
and Chiew (2012, p. 880) proposed a general demand model for vehicle 
purchases to explore individual decision making. They proposed that vehicle 
choice is influenced by ‘directly observable hedonic attributes (such as power), 
price, and socio-economic characteristics and a vector of latent variables or 
psychological constructs such as safety, energy security and environmental 
concerns’ (Daziano & Chiew 2012, p. 880). Yet despite the potential benefits, 
only a handful of studies have sought to jointly explore the value of attributes 
alongside that of psychological constructs. Studies that have done so were 
generally focused on a small subset of variables, such as environmental 
concern (Bolduc, Boucher & Alvarez-Daziano 2008; Jensen, Cherchi & Mabit 
2013; Kim, Rasouli & Timmermans 2014). Further, when these factors have 
been combined, research has tended to simplify significantly the underlying 
theory and ‘much of the behavioural richness captured originally in these 
theories through the complex interplay between different latent psychological 
constructs has often been lost as a consequence of these simplifications’ (Vij 
& Walker 2016, p. 215).  
 
An opportunity therefore exists to provide a unique contribution to existing 
knowledge on Australian consumers’ adoption of EVs, to reveal the 
relationship between vehicle attributes and psychological constructs. By 
focusing on both vehicle attributes and psychological constructs, additional 
insight into the underlying causes of preferences will be gained. These 
potential insights may be lost by simply focusing on observable explanatory 
variables, such as vehicle attributes (Vij & Walker 2016).  
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Moreover, as discussed in the literature review, research has demonstrated a 
number of additional determinants of adoption, including the role of 
sociodemographic characteristics. Yet thus far, consensus on their role in 
decision making has not been reached, with contradictory findings reported 
(Hackbarth & Madlener 2013, 2016; Hidrue et al. 2011; Jensen, Cherchi & 
Mabit 2013; Plötz et al. 2014; Ziegler 2012). Knowledge of the role of 
sociodemographic characteristics specifically for the Australian consumer is 
also limited. An opportunity exists to extend the current knowledge base by 
testing the role that sociodemographic characteristics play in determining 
adoption of EVs.  
 
Finally, no study has yet explored the role of preference for vehicles and driving 
habits in relation to Australian consumers’ WTP for EVs and their attributes. 
There is a vast array of vehicles available in the Australian market at various 
prices. It is unlikely that consumers with different vehicle preferences, habits 
and vehicle usage requirements, respond to the price of EVs identically. 
Vehicle preferences and driving habits are known to have an effect on the 
purchase process towards EVs, but how that translates into the price 
sensitivity and WTP for EVs and their attributes requires investigation 
(Achtnicht 2012; Choo & Mokhtarian 2004; Hidrue et al. 2011; Nayum, 
Klöckner & Prugsamatz 2013). 
 
Given the above opportunities, the purpose of this thesis was to extend current 
knowledge to understand what factors determine EV adoption in Australia. 
Specifically, the thesis aimed to achieve the following four objectives: 
• test how the Australian consumer values the attributes of EVs 
• test how the inclusion of psychological constructs, in combination with 
vehicle attributes, can help explain consumers’ decision-making 
processes in relation to the adoption of EVs 
• integrate the TPB into a DCM of EV adoption 
• test the role of vehicle preferences and driving habits in influencing the 
WTP for EVs and their attributes. 
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This thesis aimed to address these objectives by answering the following 
research questions: 
• RQ1: How does the Australian consumer value the attributes of an 
EV? 
• RQ2: What is the relationship between the constructs of the TPB and 
intention to purchase an EV for the Australian consumer? 
• RQ3: What role does intention to purchase an EV, as represented by 
the TPB, play in influencing utility? 
• RQ4: What is the relationship between sociodemographic 
characteristics and the utility associated with purchasing an EV? 
• RQ5: What is the relationship between sociodemographic 
characteristics and the constructs of the TPB for the Australian 
consumer? 
• RQ6: What role do vehicle preferences and driving habits play in the 
WTP for EVs and their attributes? 
 
To address the research questions, an innovative and unique conceptual 
framework was developed as presented in the following section. 
 
3.3 Conceptual framework 
The purpose of the conceptual framework is to overcome the limitations of 
previous research and address the research objectives and questions 
presented in the previous section. The framework aims to provide a 
comprehensive explanation of EV adoption based on the premise that the 
adoption of EVs is not based solely on performance of vehicle attributes, but 
also on psychological constructs. Specifically, the framework proposes that a 
consumer’s utility associated with purchase of an EV, and subsequent vehicle 
choice, is determined by the attributes of the vehicles, psychological constructs 
and sociodemographic characteristics. The framework also postulates that a 
consumer’s preference for vehicles and driving habits will moderate their WTP 
for the attributes of EVs. The proposed framework is presented in Figure 3.1. 
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Figure 3.1: Conceptual framework 
 
As presented in Figure 3.1, the purchase an EV is based on the foundation of 
a DCM, leveraging the RUT and Lancaster’s (1966) Consumer Theory. First, 
the RUT proposes that there is a latent construct called ‘utility’ existing in each 
individual, that cannot be directly observed (Manski 1977). The theory 
proposes that when making a choice, individuals will attempt to maximise the 
utility associated with the choice. The RUT assumes that the latent utilities can 
be summarised by two components being a systematic, explainable 
component and a random, unexplainable component (Hensher, Rose & 
Greene 2005; Manski 1977). Systematic components consist of attributes 
explaining differences in choice alternatives and covariates explaining 
differences in individuals’ choices. Random components consist of all 
unidentified factors that influence choices (Manski 1977). In this framework, it 
is thus proposed that consumers will attempt to maximise utility when selecting 
between vehicles. 
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Secondly, the DCM is aligned to Lancaster’s (1966) economic theory of value. 
Lancaster’s theory proposes ‘goods possess, or give rise to, multiple 
characteristics in fixed proportions and that it is these characteristics, not 
goods themselves, on which the consumer’s preferences are exercised’ 
(Lancaster 1966, p. 154). In other words, consumers derive utility from the 
attributes of the product. Thus, the framework proposes that consumers will 
derive a higher utility from vehicles with better performing attributes.  
 
The conceptual framework developed in this thesis also proposes that 
psychological constructs influence utility associated with adoption (Ben-Akiva 
et al. 2002b). These constructs are represented in the proposed framework by 
the TPB and include attitudes, subjective norms and perceived behavioural 
control towards purchasing an EV. By separating consumers’ psychological 
constructs, the framework aims to ensure that each construct is adequately 
accounted for.  
 
Finally, as presented in Chapter 2, consumers’ decision making is also 
influenced by personal circumstances and preferences. Consumer adoption 
towards EVs has been shown to vary across sociodemographic characteristics 
as well as vehicle preferences and driving habits. In this framework, 
sociodemographic characteristics are incorporated to study the relationship 
between both vehicle choices as well as their influence on psychological 
constructs. The framework also provides the ability to test the price sensitivity 
and WTP for EVs and their attributes, based on preferences for vehicles and 
driving habits.  
 
3.3.1 Support and justification for use of the Theory of 
Planned Behaviour 
As presented in the literature review in Section 2.3, a number of different 
theories and frameworks have been applied to capture and describe the role 
of psychological constructs in EV adoption. The TPB was selected here to 
represent psychological constructs as it has a proven ability to provide 
significant insights into the decision-making process (Ajzen 2011). The TPB 
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has received substantial research support and has, ‘by any objective measure, 
become one of the most frequently cited and influential models for the 
prediction of human social behaviour’ (Ajzen 2011, p. 113; Sideridis, Kaissidis 
& Padeliadu 1998).  
 
The theory is well supported by empirical evidence, with demonstrated ability 
to predict behavioural intention across a range of domains with high accuracy 
(Ajzen 2011). For example, in completing a meta-analysis of 161 studies 
incorporating the TPB, Armitage and Conner (2001, p. 271) found that ‘the 
TPB accounted for 27 per cent and 39 per cent of the variance in behaviour 
and intention’. In another meta-analysis, McEachan et al. (2011) found that 
behavioural intention and perceived behavioural control accounted for 19 per 
cent of the variance in behaviour.  
 
Despite previous applications of the TPB, the theory has yet to be applied in 
its entirety to explore consumer behaviour towards Australian consumer 
adoption of EVs. As outlined above, research has tended to focus on either 
observable economic constructs such as vehicle attributes, or a select number 
of psychological constructs, loosely referencing elements of the TPB. (Bolduc, 
Boucher & Alvarez-Daziano 2008; Kim, Rasouli & Timmermans 2014; Mabit et 
al. 2015; Smith et al. 2017; Soto, Cantillo & Arellana 2014). This research aims 
to be the first of it its kind to integrate the TPB into a DCM of EV adoption. 
 
3.4 Hypotheses 
This section presents hypotheses associated with each group of variables and 
provides further description and justification for including each of these 
constructs within the proposed framework. 
 
3.4.1 The influence of vehicle attributes 
According to Lancaster’s (1966) theory, consumers derive utility from 
properties and characteristics of the products they purchase. As outlined in 
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Section 2.2, several attributes of EVs have been shown to be of particular 
importance in relation to vehicle adoption, with many of the current attributes, 
such as purchase price and the limited driving range seen as barriers to 
adoption (Hackbarth & Madlener 2016; Hidrue et al. 2011; Hoen & Koetse 
2014; Link et al. 2012; Parsons et al. 2014; Tanaka et al. 2014; Ziegler 2012).  
 
The conceptual framework used in this study aims to explore how consumers 
value the attributes of EVs. In line with Lancaster’s (1966) theory, the 
framework proposes that the more favourable each relevant attribute, the 
greater utility and likelihood that the consumer will choose the EV over an 
alternative petrol-powered vehicle. It was beyond the scope of this thesis to 
analyse all attributes of EVs and only the most influential attributes were 
investigated, as discussed in Chapter 4. In total, five attributes were included 
in the framework: purchase price, operating cost, driving range, environmental 
performance and vehicle performance. 
 
The purchase price is the first attribute included in the conceptual framework. 
As discussed in Chapter 2, abundant research findings support the 
significance of purchase price as a barrier to EV adoption (Egbue & Long 2012; 
Hackbarth & Madlener 2013; Hidrue et al. 2011). In this framework, it is 
proposed that a higher purchase price will be negatively associated with 
consumers’ utility as represented in the following hypothesis:  
Hypothesis 1.1: The higher the purchase price, the lower the utility 
associated with purchasing an EV. 
 
The second attribute included in the framework is the operating costs for EVs. 
Within the literature, it has been demonstrated that consumers, ‘strive to 
minimise costs largely regardless of personal income’ (Graham-Rowe et al. 
2012, p. 150). However, as outlined in Section 2.2, there is significant debate 
on both the potential of EVs to achieve lower operating costs than conventional 
ICE powered vehicles and the role of operating costs in influencing EV 
adoption. 
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The importance of lower operating costs associated with EVs was highlighted 
by Hidrue et al. (2011, p. 704) who found that when considering the purchase 
of an EV, ‘people were driven more by expected fuel savings than by a desire 
to be green or help the environment’. Further, the benefit of reduced running 
costs for consumers has been shown to compensate for potential barriers such 
as higher initial purchase prices and capital costs. For example, in studying 
UK consumers’ responses to EVs, Skippon and Garwood (2011, p. 529) found 
that ‘participants appeared to understand the current position that EVs would 
be more expensive to buy, but cheaper to run, than conventional vehicles’.  
 
In order to understand the influence of operating costs on EV adoption in 
Australia, the framework proposes the following hypothesis: 
Hypothesis 1.2: The higher the operating costs, the lower the utility 
associated with purchasing an EV. 
 
The third element considered in the framework is the influence of driving range. 
As outlined in Section 2.2, limited driving range has been identified as a 
significant barrier to adoption (Hidrue et al. 2011; Skippon & Garwood 2011; 
Steinhilber, Wells & Thankappan 2013).  
 
In the context of this study, it is proposed that consumers will respond 
favourably to an increase in assured driving range, as stated in the following 
hypothesis: 
Hypothesis 1.3: The higher the driving range, the higher the utility 
associated with purchasing an EV. 
 
The fourth attribute included in the conceptual framework is environmental 
performance, represented by vehicle emissions. Section 2.2 outlined that one 
of the key benefits of EVs over conventional ICE powered vehicles is their 
improved environmental performance (Achtnicht 2012; Egbue & Long 2012; 
Hackbarth & Madlener 2013; Jensen, Cherchi & Mabit 2013; Tanaka et al. 
2014; Ziegler 2012). In investigating consumer behaviour towards EVs, 
Chapter 3                                             Conceptual framework and hypotheses 
 
71 
 
researchers have reported that some ‘people were willing to pay a significant 
amount to reduce emissions’ (Hidrue et al. 2011, p. 687). This study therefore 
proposes that consumers will derive a greater utility from EVs with lower 
emission levels, as per the following hypothesis: 
Hypothesis 1.4: The higher the total vehicle emissions generated, the 
lower the utility associated with purchasing an EV. 
 
The final attribute included in the framework is vehicle performance, which can 
be represented by acceleration time. As outlined in Section 2.2, vehicle 
performance has been shown to be a notable factor in guiding vehicle 
ownership and the decision between conventional vehicles and alternative 
modes of transport (Achtnicht, Bühler & Hermeling 2012; Dagsvik et al. 2002; 
Hidrue et al. 2011; Ziegler 2012). This study proposes that an improvement in 
vehicle performance positively influences a consumer’s utility as represented 
by the following hypothesis: 
Hypothesis 1.5: The higher the performance of the vehicle, as defined 
by a faster acceleration time, the higher the utility associated with 
purchasing an EV. 
 
3.4.2 Psychological constructs as represented by the 
Theory of Planned Behaviour 
Following the TPB, the conceptual framework proposes that attitudes, 
subjective norms and perceived behavioural control towards adoption of an EV 
will influence consumers’ intentions to purchase an EV, which in turn 
influences the choice of an EV (Ajzen 1991). In line with the framework 
proposed by Ajzen (1991, p. 188), it is hypothesised that the ‘more favourable 
the attitude and subjective norm with respect to a behaviour, and the greater 
the perceived behavioural control, the stronger should be an individual’s 
intention to perform the behaviour under consideration’. The following section 
presents the proposed hypotheses relating to attitudes, subjective norms and 
perceived behavioural control. 
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3.4.2.1 The influence of attitudes 
As outlined in the TPB framework, attitude towards the behaviour refers to the 
degree to which a person has an overall favourable or unfavourable evaluation 
or appraisal of personally performing the specific behaviour in question. 
Attitudes develop from the beliefs people have about an object by associating 
it with certain attributes, other behaviours, characteristics or events. Each 
behavioural belief links a given behaviour to a certain outcome or to some 
other attribute (Ajzen 1991). In the context of EV adoption, these beliefs may 
include the associated environmental benefits of driving an EV, or the potential 
financial beliefs and advantages the EV may have over other vehicles, 
because of lower fuel consumption. 
 
The relationship between attitude and intention towards purchasing an EV has 
been explored in previous research. Moons and De Pelsmacker (2015, p. 
6223) found that attitude towards an EV had a positive association with 
intention to adopt EVs among Belgian consumers. Mohamed et al. (2016) 
provided further support for the role of attitude, finding that attitude had a 
significant direct effect on behavioural intention to adopt EVs. However, this 
construct was not found to be the strongest determinant, with intention to adopt 
an EV reported to be influenced primarily by an individual’s perceived 
behavioural control, followed by attitudes (Mohamed et al. 2016, p. 106). In 
another study, Barbarossa et al. (2015, p. 156) compared Danish, Belgian and 
Italian consumers’ intentions to adopt EVs, finding that ‘for all the three 
samples, the attitude–intention relation is significant and rather strong’. Egbue 
and Long (2012, p. 724) were also able to highlight the complexity associated 
with consumers’ attitudes towards purchasing an EV, finding that ‘attitudes 
towards EVs were neither wholly positive nor wholly negative’ for consumers 
in the US. Their research suggested that attitudes related to EVs differ across 
gender, age and education groups. Given these differences, further research 
is required to explore how attitudes influence Australian consumer adoption of 
EVs.  
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In the context of this study, the framework proposes that an individual with a 
positive attitude towards EVs will have a stronger intention to purchase, as 
stated in the following hypothesis: 
Hypothesis 2.1: Positive attitudes towards EVs will have a positive 
influence on purchase intention. 
 
3.4.2.2 The influence of subjective norms 
The second key element of the TPB explored in this research is the role of 
subjective norms. Subjective norms refer to the perceived social pressure to 
perform or not perform a behaviour (Ajzen 1991). The TPB stipulates that the 
underlying determinants of subjective norms are normative beliefs, which are 
‘concerned with the likelihood that important referent individuals or groups 
approve or disapprove of performing a given behaviour’ (Ajzen 1991, p. 195). 
The subjective norms are considered a function of the strength of each 
normative belief and a person’s motivation to comply with those beliefs (Ajzen 
1991). 
 
When considering the role of social forces in relation to vehicle selection, the 
majority of traditional research methods, including traditional DCMs, ‘assume 
a static distribution of decision-making strategies and do not support consumer 
behaviour changes in response to social or other external pressures’ (Eppstein 
et al. 2011, p. 3790). However, other studies have reported that when the 
subjective norms have been included they have been shown to play a 
significant role in adoption and purchase intention (Mohamed et al. 2016; 
Wang et al. 2016).  
 
Therefore, the framework proposes that the more an individual is affected by 
subjective norms, the stronger is their intention to purchase an EV, as stated 
in the following hypothesis:  
Hypothesis 2.2: Positive subjective norms associated with purchasing 
an EV, will have a positive influence on purchase intention. 
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3.4.2.3 The Influence of perceived behavioural control 
Perceived behavioural control refers to the individual’s overall perception of 
the ease or difficulty they would have in performing the behaviour. In other 
words, it is the belief that deals with the ‘presence or absence of requisite 
resources and opportunities’ (Ajzen 1991, p. 196). Perceived behavioural 
control is assumed to reflect past experience and behaviour and be ‘influenced 
by second-hand information about the behaviour, by the experiences of 
acquaintances and friends, and by other factors that increase or reduce the 
perceived difficulty of performing the behaviour in question’ (Ajzen 1991, p. 
196). As stated by Ajzen (1991), the more resources and opportunities 
individuals believe they possess, and the fewer obstacles or impediments they 
anticipate, the greater should be their perceived control over the behaviour. In 
relation to EVs, such factors may include disposable income, which can offset 
the higher purchase price of EVs relative to vehicles powered by fossil fuels. 
 
Perceived behavioural control experienced by the consumer has been shown 
to play a key role in adoption behaviour and vehicle selection. For example, 
Anable (2005, p. 70) found that the vehicle market can be grouped into ‘four 
car-owning segments’ in which consumers display significant differences in the 
extent to which they feel capable of controlling behaviour relating to vehicle 
use. The research showed that those consumers with a greater ‘level of 
perceived behavioural control over their actions were more likely to display 
stronger intentions to use an alternative mode for day trip travel’ as opposed 
to conventional ICE powered vehicles (Anable 2005, p. 70). In the context of 
this study, this result implies that consumers with a greater ability to control 
decision making, such as being financially capable, may be more inclined to 
adopt EVs. 
 
In another application, Peters, Gutscher and Scholz (2011) explored the role 
of psychological variables that could be used to explain the purchase of fuel-
efficient vehicles. Their research explored the role of six psychological 
constructs, namely perceived behavioural control, social norms, personal 
norms, response efficacy, problem awareness and symbolic motives. The 
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results suggested that the perceived behavioural control, in addition to positive 
attitudes and underlying beliefs about the characteristics of alternative 
vehicles, is a direct determinant of the purchase of a fuel-efficient vehicle.  
 
The role of perceived behavioural control was also explored by Moons and De 
Pelsmacker (2012, p. 212), who reported ‘a remarkable difference’ between 
groups of Belgian consumers on the importance of perceived behavioural 
control factors in EV adoption. They reported that perceived behavioural 
control ‘factors appear to play a much more prominent role in highly 
environmentally concerned, high environmental behaviour, and universalist 
and benevolent segments’ (Moons & De Pelsmacker 2012, p. 217). Their study 
showed that the ‘various personal ability and technical and regulatory 
constraints appear to determine usage intention significantly, while this is far 
less the case for lowly concerned, low environmental behaviour, and achiever 
groups’ (Moons & De Pelsmacker 2015, p. 217). This finding highlights the 
need for further research involving the Australian consumer to determine what 
role perceived behavioural control may have in decision making. 
 
Based on the research findings described above, it is proposed that the 
stronger the perceived behavioural control of an individual over the purchase 
decision, the stronger their intention to purchase an EV, as stated in the 
following hypothesis: 
Hypothesis 2.3: The stronger the perceived behavioural control over 
purchasing an EV, the greater the purchase intention. 
 
3.4.2.4 Intention to purchase an electric vehicle 
As proposed by the TPB, intention is an indication of a person’s readiness to 
perform a given behaviour or action. Ajzen (1991, p. 181) stated that intention 
is considered the immediate antecedent of behaviour and is ‘assumed to 
capture the motivational factors that influence a behaviour; they are indications 
of how hard people are willing to try, of how much of an effort they are planning 
to exert, in order to perform the behaviour’. Consequently, the TPB proposes 
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that the likelihood of performing a behaviour increases with the strength of 
intention to perform the behaviour. As such, it is expected that positive 
intentions to purchase an EV will have a positive influence on utility according 
to the following hypothesis: 
Hypothesis 3.1: Positive intentions to purchase an EV will positively 
influence consumer utility associated with purchase. 
 
3.4.3 Sociodemographic characteristics  
The third element of the proposed model takes into account the role of the 
individual characteristics of participants and their influence on both the 
constructs of the TPB and the utility associated with EV adoption. 
 
As discussed in Chapter 2, sociodemographic characteristics have been cited 
as a potential source of differentiation across decision making towards EVs. 
However, the role of demographics in EV adoption vary according to the 
market and sample population. Paulssen et al. (2014) stated that ‘socio 
demographic characteristics denoting age, gender, and income largely 
determine an individual’s life circumstances in terms of his socialization, his 
social roles, his life stage, and his expectations’. Thus, different 
sociodemographic groups are assumed to hold distinctly different values and 
expectations towards EVs and consequently derive different utility from EVs 
and their attributes. In this thesis, different sociodemographic groups are 
distinguished by gender, age, education, income and family circumstances. 
Building on the review of the literature presented in Chapter 2, particularly the 
findings of Plötz et al. (2014) and Axsen, Goldberg and Bailey (2016), the 
following hypotheses are proposed: 
Hypothesis 4.1: The gender of consumers will influence the utility they 
derive from purchasing an EV, such that male consumers derive a 
higher utility. 
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Hypothesis 4.2: The age of consumers will influence the utility they 
derive from purchasing an EV, such that younger consumers derive a 
higher utility. 
Hypothesis 4.3: The education level of consumers (tertiary or higher 
education) will influence the utility they derive from purchasing an EV, 
such that consumers with a higher education derive a higher utility. 
Hypothesis 4.4: The family status of consumers (dependent children) 
will influence the utility they derive from purchasing an EV, such that 
consumers with dependent children derive a higher utility. 
Hypothesis 4.5: The income of consumers will influence the utility they 
derive from purchasing an EV, such that consumers with higher 
incomes derive a higher utility. 
 
Moreover, the conceptual framework aims to explore the role of background 
factors in influencing the TPB. As stated by Ajzen (2011, p. 1123), the TPB 
‘does not specify where these beliefs originated; it merely points to a host of 
possible background factors that may influence the beliefs people hold’. These 
factors can arise from a range of sources and ultimately influence the formation 
of individual beliefs. The causal factors determining TPB constructs can 
include ‘personality and broad life values; demographic variables such as 
education, age, gender and income; and exposure to media and other sources 
of information’ (Ajzen 2011, p. 1123).  
 
Further, despite the uncertainty around what defines a good causal factor, 
research has identified that sociodemographic factors do play a significant role 
in the formation of a consumer’s psychological constructs in relation to travel 
behaviour. It has been proposed that ‘sociodemographic characteristics of an 
individual affect his/her attitude’ (Dirk, Marcel & Till 2008, p. 225). Walker 
(2001, p. 115) stated that ‘in some cases, it is difficult to even conceptually 
define good causal variables, that is, cases in which there are no good 
socioeconomic characteristics or observable attributes of the alternatives that 
sufficiently explain the latent attitudes and/or perceptions’.  
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To improve knowledge, this research proposes that the sociodemographic 
characteristics of age, gender, education, having dependent children and 
income all influence a participant’s attitudes, subjective norms and perceived 
behavioural control. Thus, this thesis builds on existing knowledge to propose 
the following hypotheses around the role of sociodemographic characteristics: 
 
Hypothesis 5.1: The gender of consumers has a significant influence on 
the constructs of the TPB, such that male consumers have a more 
positive attitude, subjective norms and perceived behavioural control 
associated with purchasing an EV. 
Hypothesis 5.2: Age has a significant influence on the constructs of the 
TPB, such that younger consumers have a more positive attitude, 
subjective norms and perceived behavioural control associated with 
purchasing an EV. 
Hypothesis 5.3: The education level of consumers (tertiary or higher) 
has a significant influence on the constructs of the TPB, such that 
consumers with higher education level have a more positive attitude, 
subjective norms and perceived behavioural control associated with 
purchasing an EV. 
Hypothesis 5.4: The family status of consumers (having dependent 
children) has a significant influence on the constructs of the TPB, such 
that consumers with dependent children have a more positive attitude, 
subjective norms and perceived behavioural control associated with 
purchasing an EV. 
Hypothesis 5.5: The income of consumers has a significant influence 
on the constructs of the TPB, such that consumers with a higher income 
have a more positive attitude, subjective norms and perceived 
behavioural control associated with purchasing an EV. 
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3.4.4 Preference for vehicles and driving habits  
As outlined in Chapter 2, in order to better understand the decision-making 
process, a number of studies have explored the value consumers place on 
EVs and their attributes. However, the findings remain inconsistent with 
differences observed across different populations and consumer groups 
(Achtnicht 2012; Hackbarth & Madlener 2013; Tanaka et al. 2014). For 
example, Tanaka et al. (2014) found that the WTP for EV attributes, such as 
emissions reduction, significantly differed not only between consumers in the 
US and Japan, but even between consumers within different regions of the 
US.  
 
To explain the heterogeneity and price sensitivity across different subgroups, 
the conceptual framework aims to test the influence of an individual’s 
preferences for vehicles and their driving habits. Although only a handful of 
studies have explored the role of vehicle preferences and driving habits, they 
have found that factors such as preferred vehicle size and average driving 
distance do influence decision making (Axsen, Goldberg & Bailey 2016; Hidrue 
et al. 2011; Jensen, Cherchi & Mabit 2013; Lieven et al. 2011; Peters & 
Dütschke 2014; Plötz et al. 2014). For example, Hidrue et al. (2011) found that 
response to EVs was influenced by vehicle size and usage, including whether 
or not long distances are driven on a frequent basis. Based on these findings, 
it is thus proposed that vehicle preferences and driving habits explain the price 
sensitivity and marginal WTP. Specifically, four sub-hypotheses are proposed 
to investigate preferences for vehicle size, preference for vehicles as a mode 
of transport, belonging to a multi-vehicle household and vehicle usage. 
 
First, as outlined earlier, research has suggested that owners or consumers 
looking to purchase light or small passenger vehicles are ‘more likely’ to buy 
EVs because ‘price barriers are lower’ (Lieven et al. 2011, p. 240). Further, 
Hidrue et al. (2011, p. 704) supported the role of vehicle size by concluding 
that the propensity to buy an EV increases ‘if a person has a tendency to buy 
a small or medium sized vehicle’. Therefore, in this study, it is hypothesised 
that a consumer’s preference for vehicle size moderates the relationship 
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between the utility that consumers derive from the attributes of EVs and the 
overall utility of the EV, as represented in the following hypothesis: 
 
Hypothesis 6.1: A consumer’s preference for vehicle size moderates the 
relationship between the utility they derive from the attributes of EVs, 
being price, operating cost, driving range, emissions and acceleration 
time and the overall utility of the EV. Thus, the WTP for EVs and their 
attributes is higher for those consumers with a preference for small 
vehicles. 
 
The second element considered in the framework is the influence of belonging 
to a multi-vehicle household. To date, the influence of belonging to a multi-
vehicle household has only been examined in relation to overseas consumers. 
For example, research completed by Peters and Dütschke (2014) found that 
early adopters of EVs in Germany are likely to come from multi-vehicle 
households. In another study, Nayum and Klöckner (2014) found the number 
of vehicles in the household had a significant direct effect on choosing a more 
fuel-efficient vehicle, such as an EV. Jakobsson et al. (2016) reported that the 
second vehicle in a multi-vehicle household is better suited to EV adoption. A 
possible explanation lies in the fact that owning multiple vehicles reduces the 
range anxiety associated with sole EV ownership, as ICE powered vehicles 
can be used for longer trips when required. It is therefore proposed that a 
consumer’s vehicle ownership moderates the relationship between the utility 
consumers derive from the attributes of EVs and the overall utility of the EV, 
as represented in the following hypothesis:  
Hypothesis 6.2: A consumer’s vehicle ownership moderates the 
relationship between the utility they derive from the attributes of EVs, 
being price, operating cost, driving range, emissions and acceleration 
time and the overall utility of the EV. Thus, the WTP for EVs and their 
attributes is higher for those consumers that belong to multi-vehicle 
households. 
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Third, as discussed in Chapter 2, prior research has shown that attitudes and 
behaviour towards EVs is dependent on preferences for private vehicles as a 
mode of transport (Ewing & Sarigöllü 2000; Lieven et al. 2011; Morton, Anable 
& Nelson 2016a). This study thus proposes that a consumer’s preference for 
vehicles as a mode of transport moderates the relationship between the utility 
consumers derive from the attributes of EVs and the overall utility of the EV, 
as represented in the following hypothesis: 
Hypothesis 6.3: A consumer’s preference for vehicles as a mode of 
transport moderates the relationship between the utility they derive from 
the attributes of EVs, being price, operating cost, driving range, 
emissions and acceleration time and the overall utility of the EV. Thus, 
the WTP for EVs and their attributes is lower for those consumers with 
a preference for vehicles as a mode of transport. 
 
Finally, one of the major barriers to EV adoption is the limited driving range as 
outlined in Chapter 2. It has therefore been suggested that ‘driving range is 
substantially less problematic for people with a relatively low annual mileage’ 
(Hoen & Koetse 2014, p. 210). Given the range of EVs and limited availability 
of recharging options in Australia, it is hypothesised that a consumer’s vehicle 
usage moderates the relationship between the utility they derive from the 
attributes of EVs and the overall utility of the EV, as follows: 
Hypothesis 6.4: A consumer’s vehicle usage moderates the relationship 
between the utility they derive from the attributes of EVs, being price, 
operating cost, driving range, emissions and acceleration time and the 
overall utility of the EV. As such, there is an inverse relationship 
between vehicle usage and WTP for EVs and their attributes. 
 
The above hypotheses are summarised in Table 3.1. 
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Table 3.1: Research questions and associated hypotheses 
 Hypotheses 
RQ1: How does the Australian consumer value the attributes of an EV? 
H1.1 The higher the purchase price, the lower the utility associated with purchasing an 
EV. 
H1.2 The higher the operating costs, the lower the utility associated with purchasing an 
EV. 
H1.3 The higher the driving range, the higher the utility associated with purchasing an 
EV. 
H1.4 The higher the total vehicle emissions generated, the lower the utility associated 
with purchasing an EV. 
H1.5 The higher the performance of the vehicle, as defined by a faster acceleration time, 
the higher the utility associated with purchasing an EV. 
RQ2: What is the relationship between the constructs of the TPB and intention to purchase 
an EV for the Australian consumer? 
H2.1 Positive attitudes towards EVs will have a positive influence on purchase intention. 
H2.2 Positive subjective norms associated with purchasing an EV, will have a positive 
influence on purchase intention. 
H2.3 The stronger the perceived behavioural control over purchasing an EV, the greater 
the purchase intention. 
RQ3: What role does intention to purchase an EV, as represented by the TPB, play in 
influencing utility? 
H3.1 Positive intentions to purchase an EV will positively influence consumer utility 
associated with purchase. 
RQ4: What is the relationship between sociodemographic characteristics and the utility 
associated with purchasing an EV? 
H4.1 The gender of consumers will influence the utility they derive from purchasing an 
EV, such that male consumers derive a higher utility. 
H4.2 The age of consumers will influence the utility they derive from purchasing an EV, 
such that younger consumers derive a higher utility. 
H4.3 The education level of consumers (tertiary or higher education) will influence the 
utility they derive from purchasing an EV, such that consumers with a higher 
education derive a higher utility.  
H4.4 The family status of consumers (dependent children) will influence the utility they 
derive from purchasing an EV, such that consumers with dependent children derive 
a higher utility.  
H4.5 The income of consumers will influence the utility they derive from purchasing an 
EV, such that consumers with higher incomes derive a higher utility. 
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Table 3.1: Research questions and associated hypotheses (continued) 
 Hypotheses 
RQ5: What is the relationship between sociodemographic characteristics and the constructs 
of the TPB for the Australian consumer? 
H5.1 The gender of consumers has a significant influence on the constructs of the 
TPB, such that male consumers have a more positive attitude, subjective norms 
and perceived behavioural control associated with purchasing an EV. 
H5.2 Age has a significant influence on the constructs of the TPB, such that younger 
consumers have a more positive attitude, subjective norms and perceived 
behavioural control associated with purchasing an EV. 
H5.3 The education level of consumers (tertiary or higher) has a significant influence 
on the constructs of the TPB, such that consumers with higher education level 
have a more positive attitude, subjective norms and perceived behavioural 
control associated with purchasing an EV. 
H5.4 The family status of consumers (having dependent children) has a significant 
influence on the constructs of the TPB, such that consumers with dependent 
children have a more positive attitude, subjective norms and perceived 
behavioural control associated with purchasing an EV. 
H5.5 The income of consumers has a significant influence on the constructs of the 
TPB, such that consumers with a higher income have a more positive attitude, 
subjective norms and perceived behavioural control associated with purchasing 
an EV. 
RQ6: What role do vehicle preferences and driving habits play in the WTP for EVs and their 
attributes? 
H6.1 A consumer’s preference for vehicle size moderates the relationship between 
the utility they derive from the attributes of EVs, being price, operating cost, 
driving range, emissions and acceleration time and the overall utility of the EV. 
Thus, the WTP for EVs and their attributes is higher for those consumers with a 
preference for small vehicles. 
H6.2 A consumer’s vehicle ownership moderates the relationship between the utility 
they derive from the attributes of EVs, being price, operating cost, driving range, 
emissions and acceleration time and the overall utility of the EV. Thus, the WTP 
for EVs and their attributes is higher for those consumers that belong to multi-
vehicle households. 
H6.3 A consumer’s preference for vehicles as a mode of transport moderates the 
relationship between the utility they derive from the attributes of EVs, being 
price, operating cost, driving range, emissions and acceleration time and the 
overall utility of the EV. Thus, the WTP for EVs and their attributes is lower for 
those consumers with a preference for vehicles as a mode of transport. 
H6.4 A consumer’s vehicle usage moderates the relationship between the utility they 
derive from the attributes of EVs, being price, operating cost, driving range, 
emissions and acceleration time and the overall utility of the EV. As such, there 
is an inverse relationship between vehicle usage and WTP for EVs and their 
attributes. 
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3.5 Chapter summary 
This chapter outlined the opportunities for further research and presented the 
conceptual framework that will be used to address the research questions. The 
framework is built on the premise that adoption of EVs is a function of the 
relative performance of vehicle attributes. Importantly, the framework also 
incorporates consumer’s psychological constructs, as represented by the TPB. 
Following the TPB, the intention to purchase an EV, as defined by attitudes, 
subjective norms and perceived behavioural control are proposed to influence 
utility, and thus improve the understanding of ‘why’ consumes make certain 
choices. Furthermore, by including individual factors of sociodemographic 
characteristics, vehicle preferences and driving habits, the framework 
proposes that individual circumstances and preferences will influence the 
adoption and WTP for EVs and their attributes. The following chapter presents 
the research methodology applied to test the conceptual framework and 
research hypotheses. 
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CHAPTER 4. RESEARCH METHODOLOGY 
4.1 Introduction  
The previous chapter provided a description and explanation of the conceptual 
framework developed to investigate Australian consumers’ adoption of EVs. 
This chapter now describes the methodology used to test the hypotheses of 
the conceptual framework. The chapter is divided into six sections. Section 4.2 
presents an overview of the methodological approach. Section 4.3 then 
discusses the development of the choice experiment. This is followed in 
Section 4.4 by an outline of the questionnaire used to facilitate data collection. 
Section 4.5 then presents the procedure used to test the questionnaire. 
Section 4.6 discusses the sampling strategy and data collection. Section 4.7 
then provides a description of the methods used to analyse the results and 
Section 4.8 concludes the chapter. 
 
4.2 Methodological overview  
As presented in Chapter 3, the conceptual framework proposes that EV 
adoption is a function of objective factors, such as vehicle attributes and 
psychological constructs, as represented by the TPB. Given the combination 
of objective and psychological constructs in the framework, this thesis 
estimates a HCM or ICLV model. The HCM was selected as it is a modelling 
framework that combines DCM with that of SEM to incorporate ‘not only 
tangible attributes, but also more intangible elements associated with user’s 
perceptions and attitudes, through latent variables’ (Yáñez, Raveau & Ortúzar 
2010, p. 744). 
 
To complete the DCE, participants from the population of interest were 
recruited by an online research panel and invited to respond to an online 
questionnaire. The questionnaire contained the choice experiment, as well as 
questions used to measure the TPB constructs, sociodemographic 
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characteristics and preferences for vehicles and driving habits. The sampling 
strategy and data collection are discussed in further detail in Section 4.6. 
 
Based on the recommendations of Hensher, Rose and Greene (2005), the 
research methodology was executed in five steps as outlined in Figure 4.1. 
The methodology commenced with the development of the choice experiment 
and questionnaire via two pilot studies. Pilot study one collected information 
on participants’ preferences towards EVs, to support the selection of attributes 
used in the choice experiment. Pilot study two tested the questionnaire. This 
was followed by data collection and analysis. 
 
In total, three models were estimated to test the conceptual framework and 
hypotheses, culminating in the HCM. The first model estimated was the 
baseline MNL (MNL1). The second model estimated was the expanded MNL 
model incorporating interactions (MNL2) to understand the influence of vehicle 
preferences and driving habits on WTP. The analysis concluded with the 
estimation of the third model, the HCM, accommodating both vehicle attributes 
and psychological constructs, as represented by the TPB. The remainder of 
the chapter discusses each step of the research methodology in further detail. 
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Figure 4.1: Overview of methodology 
 
 
4.3 Development of the choice experiment  
Careful consideration was given to the design of the choice experiment, 
including the number of alternatives, attributes and choice sets that 
respondents were required to address. For this thesis, the choice model was 
designed with the intent of presenting realistic choice scenarios, that reflect 
the Australian market for EVs and conventional petrol-powered vehicles.  
 
Step 1: Develop the choice experiment
Data collection: Pilot study one
Step 2: Questionnaire structure and context
Step 3: Testing the questionnaire
Data collection: Pilot study two
Step 4: Sampling strategy and data collection
Data collection: Main experiment
Step 5: Results and analysis of main 
experiment
Iterate and improve 
experiment and 
questionnaire using 
results and 
feedback from pilot 
study one and two.
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4.3.1 Choice alternatives  
Each participant was required to select between two EVs and their preferred 
petrol-powered vehicle in the choice experiment. Unbranded alternatives were 
used to represent the EVs as the thesis was primarily focused on vehicle 
attributes, while the conventional petrol-powered vehicle was included as the 
reference or ‘status quo’ alternative. By limiting the attribute selection to three 
alternatives, the participants were not overloaded (DeShazo & Fermo 2002). 
Asking participants to select between too many alternatives may cause the 
potential for the participant to suffer ‘cognitive burden’ when the choice 
scenarios are too complex (DeShazo & Fermo 2002). 
 
The rationale behind the inclusion of the conventional petrol-powered vehicle 
as the reference alternative was twofold. First, the intent of this research was 
to analyse Australian consumers’ purchase process in regards to EVs. Given 
that 87 per cent of the total vehicle fleet in Australia was fuelled by petrol, the 
conventional petrol-powered vehicle was chosen as the reference alternative 
in the choice experiment (Australian Bureau of Statistics 2016). The inclusion 
of the petrol-powered vehicles would not force participants to select an 
undesired alternative, thereby limiting non-participation. Second, a reference 
alternative ‘frames the decision context of the choice task with some existing 
memory schema of the individual respondents’ (Rose et al. 2008, p. 396). This 
has been suggested to create more meaningful experimental design and 
choice scenarios, leading to more reliable results that are reflective of actual 
choice scenarios (Rose et al. 2008).  
 
4.3.2 Selection of attributes 
There are several methods available for determining attributes to be used 
within a choice experiment. These methods can include using theoretical 
arguments from the literature, professional recommendations or focus groups 
and interviews (Coast et al. 2012; Kløjgaard, Bech & Søgaard 2012). Coast et 
al. (2012, p. 730) stated that the ‘information about what an attribute should 
look like is relatively limited’. To confirm the selection of attributes, this 
Chapter 4                                                                      Research methodology 
 
89 
 
research tested Australian consumers’ responses to the features of EVs, using 
Likert-type measurement scales, executed as pilot study one.  
 
4.3.2.1 Selection of attributes: Pilot study one 
Pilot study one required participants to respond to two questions on the appeal 
and concerns with the features of EVs. The pilot study was developed based 
on the findings of research investigating preferences for vehicle attributes, 
focusing on alternative fuel vehicles or EVs (Egbue & Long 2012; Helveston et 
al. 2015; Larson et al. 2014). Specifically, participants were asked to respond 
to the following questions: 
• How appealing do you find the attributes of EVs? 
• What is your level of concern with the attributes of EVs? 
 
The results of pilot study one supported the selection of purchase price, 
operating cost, driving range, environmental performance and vehicle 
performance. These attributes became the focus of the research. Further 
discussion on the results of pilot study one is presented in Chapter 5. 
 
4.3.2.2 Attribute levels 
Once the final attributes were chosen, the levels of each attribute to be 
presented to participants in the choice experiment were selected. The levels 
of each attribute were selected based on the performance of conventional 
petrol-powered vehicles and EVs available in Australia at the time of the 
research. The attribute levels were then compared to levels adopted in other 
research exploring EV adoption. In particular, the relative levels adopted by 
Hidrue et al. (2011) and Kim, Rasouli and Timmermans (2014) were reviewed. 
Table 4.1 presents a summary of attributes and attribute levels presented to 
participants in the choice experiment.  
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Table 4.1: Summary of attribute levels 
Attribute 
Purchase 
price 
Operating 
cost 
Driving range 
Vehicle 
emissions 
Vehicle 
performance 
Unit (on-road $A) 
(Total running 
costs ¢/km) 
(km) (g CO2/km) 
(acceleration 
time, sec) 
Conventional 
PPV 
30,000 20 850 180 10 
EV–Level 1 30,000 16 128 0 10 
Performance 
relative to a 
PPV 
Equivalent 
20%  
cheaper than 
a PPV 
15% the range 
of a PPV 
No emissions 
Equivalent 
performance 
EV–Level 2 40,000 14 256 18 11.5 
Performance 
relative to a 
PPV 
+10,000 
30% 
cheaper than 
a PPV 
30% the range 
of a PPV 
10% of the 
emissions of a 
PPV 
15% slower 
than a PPV 
EV–Level 3 50,000 12 384 36 13 
Performance 
relative to a 
PPV 
+20,000 
40% 
cheaper than 
a PPV 
45% the range 
of a PPV 
20% of the 
emissions of a 
PPV 
30% slower 
than a PPV 
EV–Level 4 60,000 – – – – 
Performance 
relative to a 
PPV 
+30,000     
 
PPV = Petrol-powered vehicle 
 
The number of attributes was limited to five, with three levels presented for 
each attribute, with the exception of purchase price, in an attempt to minimise 
‘cognitive burden’ for participants (DeShazo & Fermo 2002). The number of 
attributes, alternatives and choice sets are often cited as a source of design 
complexity that can have an ‘impact on stability of attribute weights’ (Arentze 
et al. 2003, p. 243). There is conflicting opinion on the effects of cognitive 
burden and how to minimise them. Some have proposed that the influence of 
the experimental design might be data specific, suggesting that the effect of 
‘design dimensions upon stated choice estimates may be local and not 
necessarily transferable across different countries and cultures, leading to 
biased conclusions’ (Rose et al. 2009, p. 21). To minimise cognitive burden, 
this research focuses on the five most prominent vehicle attributes, as stated 
above. 
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4.3.3 The choice set design 
Construction of the choice set is a critical aspect of the experimental design 
process. Bliemer and Rose (2010, p. 720) highlighted the importance of the 
experimental design, which is ‘directly under the control of the analyst’ and is 
considered ‘fundamental to any stated choice study’. The choice set used must 
‘enhance not only the statistical properties of the design itself and the choice 
data collected, but the design must also complement the statistical properties 
of the models in which such data are applied’ (Bliemer & Rose 2010, p. 720). 
 
Two major experimental designs are used to develop DCEs. The first is 
orthogonal designs and the second, efficient designs. Orthogonal designs 
have historically been the most widely used design for DCEs, while efficient 
designs have increased in popularity in recent years (Bliemer & Rose 2011). 
As stated by Bliemer and Rose (2011, p. 65), the orthogonality of an 
experimental design relates to the ‘correlation structure between the attributes 
of the design with designs in which all between attribute correlations are zero’. 
In other words, ‘orthogonal designs ensure that the attribute levels are nicely 
spread over all choice tasks, and that attribute level combinations do not 
exhibit a certain (positively or negatively correlated) pattern’ (Bliemer & Rose 
2011, p. 65). A complete orthogonal design contains each possible 
combination of attributes and levels and thus, allows for the estimation of all 
parameters and interactions (Hensher, Rose & Greene 2005).  
 
In contrast, efficient designs seek to ‘minimize the determinant of the 
asymptotic variance–covariance (AVC) matrix’ which minimises standard 
errors, yielding more reliable parameter estimates (Bliemer & Rose 2011, p. 
65). Efficient designs therefore require a smaller sample size than do 
orthogonal designs and thus are increasingly becoming the preferred design 
method in modern consumer research (Bliemer & Rose 2011). However, in 
defining the AVC and an efficient design, prior knowledge of the utility functions 
is required as the ‘values of the AVC matrix are directly dependent upon both 
the attribute levels and the choice probabilities of the alternatives’ (Bliemer, 
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Rose & Hess 2008, p. 100). Any misspecification of prior knowledge can lead 
to inefficiencies in the developed design. 
 
Given the limited knowledge on Australian consumers’ behaviour towards the 
attributes of EVs and the inclusion of the unstudied TPB constructs, an 
orthogonal fractional factorial design was selected as the preferred design 
method. As shown in equation 4.1, the combination of two unbranded EV 
alternatives and five attributes, each with three levels, generates 243 (35) 
possible EV profiles for a full factorial design. A design with four attribute levels 
would generate 1,024 possible profiles (45): 
 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑜𝑖𝑐𝑒 𝑝𝑟𝑜𝑓𝑖𝑙𝑒𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑒𝑣𝑒𝑙𝑠𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑠  (4.1) 
 
Given the number of possible profiles, and capacity to obtain the required 
number of participants, it was determined that a full factorial design was not 
appropriate, with participants unlikely to be able to respond to the large number 
of choice sets. Consequently, a fractional factorial design was used to consider 
a selection of possible profiles from the full factorial design. A fractional 
factorial design has been successfully applied in several DCEs including 
Hackbarth and Madlener (2013), Mau et al. (2008) and Potoglou and 
Kanaroglou (2007). It has also been adopted by several researchers testing 
HCMs, including Scagnolari, Walker and Maggi (2015) and Kim, Rasouli and 
Timmermans (2014). 
 
The fractional factorial design was developed using specialist computer 
software Ngene (ChoiceMetrics 2012). The design was developed using a 
fold-over design, from a selection of 144 possible scenarios, blocked into 16 
choice profiles. Each of the 16 profiles contained nine choice scenarios. The 
final design was selected using the D-efficiency or D-optimal criteria, as per 
Reed et al. (2013). The D-efficiency criterion ‘minimizes the joint confidence 
sphere around the complete set of estimated model parameters by maximizing 
the determinant of the inverse of the variance–covariance matrix in maximum-
likelihood estimation’ (Reed et al. 2013, p. 8).  
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4.3.4 Number of choice sets  
There is currently no consensus in the literature on the ‘appropriate’ number 
of choice sets to present to respondents in a choice experiment (Bech, Kjaer 
& Lauridsen 2010, p. 274). However, research to date has required 
participants to respond to between 2 and 16 choice sets as outlined in Table 
4.2 (Bech, Kjaer & Lauridsen 2010; Louviere, Hensher & Swait 2000). To 
determine the appropriate number of choice sets to present to participants, 
consideration was given to both the design efficiency and cognitive burden of 
participants. In this thesis, nine choice scenarios were presented to 
participants.  
 
Table 4.2: Summary of HCM studies and number of choice scenarios 
Author Number of choice scenarios 
Dagsvik et al. (2002) 15 
Bolduc, Boucher and Alvarez-Daziano (2008) 4 
Hidrue et al. (2011) 2 
Daziano (2012) 4 
Kim, Rasouli and Timmermans (2014) 16 
Kløjgaard and Hess (2014) 6 
Jensen, Cherchi and Mabit (2013) 2 
Potoglou, Palacios and Feijóo (2015) 5 
 
4.4 Questionnaire structure and context 
This research study used an online questionnaire rather than a paper-based 
questionnaire or an in-house computer assisted personal interview. This is 
because an internet questionnaire is far more flexible than the other two 
methods, enabling the respondent to complete the questionnaire at a time and 
place that is convenient to them (Caeyers, Chalmers & De Weerdt 2012). 
Other advantages are that results are automatically recorded, minimising the 
risk of human error associated with data collection, lower associated costs, 
faster response times and the standardisation of data collection methods as 
discussed throughout the literature by Fricker and Schonlau (2002), 
Chapter 4                                                                      Research methodology 
 
94 
 
MacKerron (2011), Ilieva, Baron and Healey (2002), Deutskens et al. (2004) 
and Hays, Liu and Kapteyn (2015). Both the main questionnaire and pilot 
studies were developed using Qualtrics (2015), an online research program 
that facilitates the development and implementation of various research 
questionnaire formats. 
 
4.4.1 Participant sociodemographic characteristics 
The first section of the questionnaire focused on obtaining information on the 
participants’ background and sociodemographic characteristics. The 
knowledge of participants’ characteristics and sociodemographic 
characteristics was used in the research for two purposes. First it allowed the 
researcher to ensure that participants represented an appropriate cross-
section of the population of interest, by ensuring participants were recruited 
with specified quotas for both gender and age as outlined in Section 4.6. 
Second, sociodemographic characteristics, vehicle preferences and driving 
habits were used as explanatory variables in the conceptual framework as 
outlined in Chapter 3. 
 
4.4.2  The choice scenario  
The choice experiment required participants to select between two EVs and a 
conventional petrol-powered vehicle. The two EV alternatives were defined by 
five attributes including purchase price, operating costs (total running costs), 
vehicle driving (or battery) range, carbon dioxide emissions and vehicle 
performance (acceleration time). Each participant was required to choose one 
of the three alternatives, in each of the nine choice scenarios. 
 
To frame the choice scenario questions, participants were required to imagine 
they were purchasing a brand-new vehicle (car). This statement was included 
in an attempt to place participants in a mindset equivalent to if they were 
actually purchasing a new vehicle. The terms vehicle and car were used 
interchangeably to align with the common description of passenger vehicles in 
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the Australian market. Figure 4.2 shows the introductory statement presented 
to participants. 
 
Figure 4.2: Overview of choice scenario introduction 
 
It is also important to note that an additional statement was included in the 
description of the questionnaire instructing participants to assume that all non-
listed properties, such as colour, were identical for all vehicle types in the 
choice sets, as per the recommendations in Ziegler (2012). This statement was 
included as a measure of quality control in an attempt to ensure respondents 
focused on the stated attributes.  
 
Once participants had read the introductory statement, they were presented 
with one of the 16 choice sets, containing nine choice scenarios. Consideration 
was given to the description of each attribute. Purchase price was defined as 
the on-road purchase price to avoid uncertainty around additional costs that 
may be included in the purchase of an EV, such as taxes or dealer charges. 
Operating costs were stated as total running costs, including fuel, tyres, 
service and repair costs. Driving range was stated in kilometres. Emissions 
were specified as carbon dioxide emissions and stated to include tailpipe 
emissions and emissions from power generation. Emissions were specified to 
include emissions from power generation in light of the speculation over the 
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total emissions generated from EVs (Weldon, Morrissey & O'Mahony 2016). 
Acceleration time was specified as the time taken to reach 100 km/hr from a 
stationary starting position. Figure 4.3 provides an example of the choice 
scenarios and the response task. 
 
 
Figure 4.3: Choice scenario example 
 
 
4.4.3 Measures of the Theory of Planned Behaviour 
Part three of the experiment captured the psychological constructs associated 
with EVs. This part was designed to test the latent variable model incorporated 
into the final HCM.  
 
The measures were adopted from previous studies analysing consumer 
behaviour towards vehicles, EVs and within the transport research domain, as 
presented in Tables 4.3, 4.4, 4.5 and 4.6. Participants were required to 
respond to each measure using a seven-point scale. Where possible, 
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statement wording was maintained, with only minor modifications made to 
ensure the appropriate response could be made. The measures were also 
refined following the recommendations provided in Ajzen (2013) and Francis 
et al. (2004).  
 
4.4.3.1 Measures of attitudes 
Attitude was measured by asking participants to respond to five statements as 
outlined in Table 4.3. The measure of attitude was framed towards purchasing 
an EV and not attitude towards EVs in general. 
 
 
Table 4.3: Measures of a participant’s attitude 
Item Statement Measurement scale Previous applications 
  1 7  
I11 
For me 
purchasing an 
electric vehicle 
would be… 
Very bad Very good 
Bamberg, Ajzen and Schmidt 
(2003);Bamberg (2003); Elliott, 
Armitage and Baughan (2007); 
Kim and Han (2010); Nayum, 
Klöckner and Prugsamatz (2013); 
Fielding, McDonald and Louis 
(2008); Moons and De Pelsmacker 
(2012); Chen and Chao (2011) 
I12 
For me 
purchasing an 
electric vehicle 
would be…  
Very foolish Very wise 
Elliott, Armitage and Baughan 
(2007); Kim and Han (2010); 
Nayum, Klöckner and Prugsamatz 
(2013); Fielding, McDonald and 
Louis (2008) 
I13 
For me 
purchasing an 
electric vehicle 
would be…  
Very 
unfavourable 
Very 
favourable 
Kim and Han (2010); Nayum, 
Klöckner and Prugsamatz (2013); 
Fielding, McDonald and Louis 
(2008) 
I14 
For me 
purchasing an 
electric vehicle 
would be…  
Very 
unpleasant 
Very 
pleasant 
Bamberg, Ajzen and Schmidt 
(2003);Bamberg (2003); Kim and 
Han (2010); Nayum, Klöckner and 
Prugsamatz (2013); Fielding, 
McDonald and Louis (2008); Chen 
and Chao (2011) 
I15 
For me 
purchasing an 
electric vehicle 
would be…  
Very harmful 
Very 
beneficial 
Elliott, Armitage and Baughan 
(2007); Nayum, Klöckner and 
Prugsamatz (2013); Fielding, 
McDonald and Louis (2008) 
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4.4.3.2 Measures of subjective norms 
To evaluate the subjective norms, each participant was also asked to respond 
to five statements as presented in Table 4.4. 
 
Table 4.4: Measures of a participant’s subjective norms 
Item Statement Measurement scale Previous applications 
  1 7  
I21 
Public opinion will affect 
my decision to by an EV 
Strongly 
disagree 
Strongly 
agree 
Chen and Chao (2011) 
I22 
My family will raise 
objections against driving 
an electric vehicle 
Strongly 
disagree 
Strongly 
agree 
Moons and De Pelsmacker (2012) 
I23 
My friends will find it 
weird that I’m driving an 
electric vehicle 
Strongly 
disagree 
Strongly 
agree 
Moons and De Pelsmacker (2012) 
I24 
Most people who are 
important to me would 
support that I purchase 
an electric vehicle 
Strongly 
disagree 
Strongly 
agree 
Bamberg, Ajzen and Schmidt 
(2003); Bamberg (2003); Elliott, 
Armitage and Baughan (2007); 
Kim and Han (2010); Nayum, 
Klöckner and Prugsamatz (2013); 
Fielding, McDonald and Louis 
(2008); Moons and De 
Pelsmacker (2012); Chen and 
Chao (2011) 
I25 
I believe that many of the 
people that are important 
to me are considering 
buying electric vehicles 
Strongly 
disagree 
Strongly 
agree 
Bamberg, Ajzen and Schmidt 
(2003); Bamberg (2003); Elliott, 
Armitage and Baughan (2007); 
Kim and Han (2010); Nayum, 
Klöckner and Prugsamatz (2013); 
Fielding, McDonald and Louis 
(2008); Moons and De 
Pelsmacker (2012); Chen and 
Chao (2011) 
 
4.4.3.3 Measures of perceived behavioural control  
To measure perceived behavioural control towards purchasing an EV, this 
questionnaire required participants to respond to four statements as presented 
in Table 4.5. 
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Table 4.5: Measures of a participant’s perceived behavioural control 
Item Statement Measurement scale Previous applications 
  1 7  
I31 
If I wanted to I could 
purchase an electric 
vehicle 
Strongly 
disagree 
Strongly 
agree 
Elliott, Armitage and 
Baughan (2007); Kim and 
Han (2010); Nayum, 
Klöckner and Prugsamatz 
(2013); Fielding, McDonald 
and Louis (2008) 
I32 
It is mostly up to me 
whether I would 
purchase an electric 
vehicle 
Strongly 
disagree 
Strongly 
agree 
Elliott, Armitage and 
Baughan (2007); Kim and 
Han (2010); Nayum, 
Klöckner and Prugsamatz 
(2013); Fielding, McDonald 
and Louis (2008) 
I33 
For me to purchase an 
electric vehicle is easy 
Strongly 
disagree 
Strongly 
agree 
Bamberg, Ajzen and 
Schmidt (2003); Bamberg 
(2003); Elliott, Armitage and 
Baughan (2007); Fielding, 
McDonald and Louis (2008) 
I34 
My freedom to 
purchase an electric 
vehicle is high 
Strongly 
disagree 
Strongly 
agree 
Bamberg, Ajzen and 
Schmidt (2003); Bamberg 
(2003) 
 
4.4.3.4 Measures of intention 
The final construct of the TPB captured by the questionnaire was participants’ 
intentions to purchase an EV. Participants were asked to respond to the three 
statements as presented in Table 4.6. 
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Table 4.6: Measures of a participant’s intention to purchase an EV 
Item Statement Measurement scale Previous applications 
  1 7  
I41 
I have the intention to 
purchase an electric 
vehicle in the next 1–5 
years 
Strongly 
disagree 
Strongly 
agree 
Bamberg, Ajzen and Schmidt 
(2003); Bamberg (2003); Elliott, 
Armitage and Baughan (2007); 
Fielding, McDonald and Louis 
(2008); Moons and De 
Pelsmacker (2012); Chen and 
Chao (2011) 
I42 
I expect that I will be 
purchasing an electric 
vehicle in the next 1–5 
years 
Strongly 
disagree 
Strongly 
agree 
Bamberg, Ajzen and Schmidt 
(2003); Bamberg (2003); 
Fielding, McDonald and Louis 
(2008); Moons and De 
Pelsmacker (2012);  
I43 
When I purchase my 
next vehicle, I want to 
buy an electric vehicle 
Strongly 
disagree 
Strongly 
agree 
Nayum, Klöckner and 
Prugsamatz (2013);Moons and 
De Pelsmacker (2012); Chen 
and Chao (2011) 
 
4.4.3.5 Structural considerations for measures of the Theory of Planned 
Behaviour 
As stated above, measurement items were adopted to collect information on 
psychological constructs. Measurement scales, such as the Likert-type are 
common and important data collection tools used in psychology and marketing 
research (Weijters, Cabooter & Schillewaert 2010). These scales require 
participants to review presented statements and select the response category 
that best represents their agreement or disagreement with the particular 
statement. 
 
In developing the measures of the TPB constructs, consideration was given to 
the number of response categories, the use of labels and negatively worded 
questions. These considerations are presented in the following sections. 
 
4.4.3.5.1 Number of response categories 
In developing measurement scales, various numbers of response categories 
can be used, with researchers utilising anywhere from 3 to 10-point scales. 
However, as stated in Preston and Colman (2000, p. 2) the current practice is 
for ‘most rating scales, including Likert-type measurement scales and other 
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attitude and opinion measures, to contain either five or seven response 
categories’. 
 
Over the years, there has been debate over the optimal number of response 
categories without consensus. It has been suggested that the ‘number of 
available response categories, at least within the two to seven point range, 
does not materially affect the cognitive structure derived from responses to 
that scale’ (Schutz & Rucker 1975, p. 323). However, conflicting findings by 
Preston and Colman (2000) suggest that in some cases, applying scales with 
up to seven response categories significantly improves the validity and 
discrimination of results. 
 
In reviewing the optimal number of options, Preston and Colman (2000) were 
able to highlight the benefits of utilising seven or more response options. They 
found that ‘scales with two, three, or four response categories yielded scores 
that were clearly and unambiguously the least reliable, valid, and 
discriminating’ (Preston & Colman 2000, p. 12). The ‘most reliable scores were 
those from scales with between 7 and 10 response categories, the most valid 
and discriminating were from those with six or more response categories’ 
(Preston & Colman 2000, p. 12).  
 
Further, the questionnaire must be easy to use, and allow participants enough 
freedom to express their opinions accurately. Preston and Colman (2000) 
found that participants rated scales with two, three or four response categories 
as relatively quick to use, but these were considered unfavourable in terms of 
their ability to adequately reflect respondents’ feelings. In further support of the 
use of seven-point scales, Beckstead (2014, p. 811) stated that most of 
literature reports that ‘both reliability and validity appear to increase up to 
seven options at which point quality starts to level off; by 11 options 
improvement asymptotes’.  
 
Given the above, it is clear that there is a trade off in the selection of the 
number of response categories between the ‘reliability, validity, discriminating 
power, and respondent preferences’ (Preston & Colman 2000, p. 13). Given 
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the potential benefits, seven-point response scales were selected as the 
preferred method and as such, all TPB measures were collected with seven-
point scales.  
 
However, consideration was also given to the nature of each question, and for 
two questions, participants were required to select from among five response 
options to align with past research. These were not questions associated with 
the measures of the TPB. The first question was in pilot study one asking 
participants to rate their level of concern with EV attributes and the second was 
in the main experiment, asking participants to rate their interest in EVs.  
 
4.4.3.5.2 Labelling  
The decision on whether or not to fully label TPB measures was also reviewed. 
In the questionnaire, the measures of the TPB were fully labelled giving 
consideration to the insights and recommendations of Weng (2004) and Boote 
(1981). Boote (1981) studied the differences in test–retest reliability in 
response consistency between fully labelled and partially labelled options. 
Their research revealed that fully labelled scales achieved higher test/retest 
correlations in comparison to scales that only had labels at their extremes 
(Boote 1981). It was also reported that fully labelled scales were ‘less skewed 
than the scales anchored only at the extremes’ (Boote 1981, p. 59). In further 
support of using fully labelled measures, Weng (2004) completed a study on 
the effect of scale format on the reliability of Likert-type measurement scales. 
The research revealed that ‘the scales with all the response options clearly 
labelled were likely to yield higher test–retest reliability than those with only the 
end points labelled’ (Weng 2004, p. 956). 
 
4.4.3.5.3 Positive and negative measures 
One technique commonly applied to avoid response bias is reverse wording of 
item statements. Reverse wording can take the form either of altering the 
sequencing of agree–disagree statements, or framing the questionnaire in a 
negative manner (Swain, Weathers & Niedrich 2008). The use of reverse 
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wording aims to reduce the ‘bias that may occur in scale scores because of 
acquiescent respondents’ (Swain, Weathers & Niedrich 2008, p. 116). 
However, opponents of the use of negatively worded questions have examined 
their effectiveness and found that reverse–worded statements do not prevent 
response bias and stated that ‘reversing items in order to prevent response 
bias is a counterproductive strategy’ (Van Sonderen, Sanderman & Coyne 
2013, p. 6).  
 
In this experiment, Likert-type measurement scales were preferred and item 
statements were presented to participants from strongly disagree to strongly 
agree. However, two negatively worded statements (I22 and I23) were included 
as exceptions to ensure alignment with the prior application of these item 
measures and statements, as specified in Section 4.4.3.2 (Moons & De 
Pelsmacker 2012). 
 
4.4.4 Participants’ preferences for vehicles and driving 
habits 
To collect information on preferences and driving habits, participants were 
required to answer four questions covering vehicle type, transportation 
preferences number of vehicles in the household and vehicle usage.  
 
4.4.4.1 Vehicle type 
To collect information on participants’ preferred vehicle type, the questionnaire 
required participants to state which vehicle they next wish to own. To assist 
participants in understanding what type of vehicle constitutes small, medium 
or large, this question presented a shortlist of the most popular models sold 
within each class in Australia across 2014 and 2015 (Federal Chamber of 
Automotive Industries 2015). Models were used as reference points for 
participants in an attempt to overcome the confusion around vehicle types, with 
various classifications of the vehicle type and size classification used in the 
industry. As stated in Lieven et al. (2011, p. 236) there is no universal and 
identical classification of vehicles, but a diverse range of ‘official classifications 
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of vehicle categories by governmental or semi-governmental institutions —  
such as ISO 3833, fueleconomy.gov for the United States; VFACTS Motor 
Vehicle Classifications for Australia; and EU car classification for Europe’. 
Vehicle models and associated type presented to participants is shown in 
Table 4.7. 
 
Table 4.7: Vehicle models and associated type 
Vehicle type Examples of vehicle models 
Light/Small 
Mazda 2, Toyota Yaris, Hyundai i20, Suzuki Swift, Honda Jazz, 
Volkswagen Polo, Holden Barina, Kia Rio 
Medium 
Toyota Camry, Mazda 6, Hyundai i45, Volkswagen Passat, Ford 
Mondeo 
Large 
Holden Commodore, Toyota Aurion, Ford Falcon, Mercedes-Benz 
C200 
 
4.4.4.2 Transportation preferences  
In order to collect information on transportation preferences, the questionnaire 
required participants to state their preferred mode of transport, according to 
the common available modes of transport in Australia. Transport options 
presented to participants included personal vehicle, bus, train, walking, 
cycling, tram and motorcycle. 
 
4.4.4.3 Number of vehicles owned within the household 
Information on the number of vehicles in the participants’ household was also 
collected to test if EVs are more favourable amongst consumers who belong 
to multi-vehicle households (Schuitema et al. 2013; Ziegler 2012). The 
questionnaire required participants to enter the number of vehicles currently 
owned by members of their household. 
  
4.4.4.4 Vehicle usage  
To obtain insight into the vehicle usage of participants, the questionnaire asked 
participants to state the number of kilometres driven, on average per day. 
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Results from this question allowed the researcher to review participants’ usage 
and explore how vehicle usage influences purchase behaviour. 
 
4.5 Testing the questionnaire 
Before implementation, the questionnaire was reviewed and tested. The 
following section describes the review and the application of testing 
procedures. 
 
4.5.1 Structural improvements 
The first aspect reviewed was questionnaire structure. Following 
recommendations contained in Lietz (2010), the questionnaire was reviewed 
in relation to the following aspects: 
• question length 
• grammar 
• specificity and simplicity 
• complexity 
• negatively worded questions 
• adverbs of frequency 
• question order. 
  
4.5.2 Minimising hypothetical bias and common method 
variance 
Following initial development, the questionnaire was reviewed for its 
construction with particular attention given to the hypothetical bias and 
common method variance (CMV) aspects of the design.  
4.5.2.1 Hypothetical bias 
Hypothetical bias can be defined as the extent to which ‘individuals might 
behave inconsistently, when they do not have to back up their choices with 
real commitments’ (Hensher 2010, p. 735). As stated by Hensher (2010), a 
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number of strategies have been suggested to potentially minimise the extent 
of hypothetical bias. These strategies have been ‘derived from mixtures of 
empirical evidence, carefully argued theoretical and behavioural positions, and 
speculative explanation’ (Hensher 2010, p. 735). The strategies implemented 
in this research project were: 
• The inclusion of a well-scripted presentation, including a cheap-talk 
script, explaining the objectives of the choice experiment. A cheap talk 
script is a statement at the beginning of the research process that 
‘describes and discusses the propensity of respondents to exaggerate 
stated WTP’ and ‘directly encouraging subjects to avoid hypothetical 
bias’ (Hensher 2010, p. 735). 
• Inclusion of the opt-out or null alternative to avoid a forced choice setting 
(Hensher 2010). 
• Pivoting the attribute levels of a choice experiment around a reference 
alternative that has been experienced and of which there is substantial 
awareness. This was included in the design by referencing attributes 
around a conventional petrol-powered vehicle stated to be identical to 
all other alternatives presented, except for the attributes of interest 
(Rose et al. 2008). 
 
4.5.2.2 Common method variance  
Although there has been some debate about the exact definition, CMV is 
generally accepted as the ‘variance that is attributable to the measurement 
method rather than to the constructs the measures represent’ (Podsakoff et al. 
2003, p. 879). In other words, it is the biasing effect that arises when 
independent and dependent variables are gathered from the same source 
(Antonakis et al. 2010). 
 
There are two main detrimental effects suggested in the literature to result from 
CMV. The first includes the fact that the research method may bias estimates 
of construct reliability and validity (Podsakoff, MacKenzie & Podsakoff 2012). 
The second is the fact that CMV can also ‘bias the parameter estimates of the 
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relationship between two different constructs’ (Podsakoff, MacKenzie & 
Podsakoff 2012, p. 542). CMV has been shown to ‘inflate, deflate or have no 
effect on estimates of the relationships between two constructs’ (Podsakoff, 
MacKenzie & Podsakoff 2012, p. 542).  
 
However, there has been significant debate around the existence and effects 
of CMV (Podsakoff et al. 2003; Podsakoff, MacKenzie & Podsakoff 2012; 
Richardson, Simmering & Sturman 2009; Spector 2006). Some researchers 
have suggested that CMV is a problem and that ‘researchers need to do 
whatever they can to control for it’(Podsakoff et al. 2003, p. 897). Others have 
suggested it to be both an ‘exaggeration and oversimplification of the true state 
of affairs’ (Spector 2006, p. 230). 
 
Despite disagreement, various methods have been suggested to control CMV, 
including common procedural and statistical methods (Antonakis et al. 2010; 
Podsakoff, MacKenzie & Podsakoff 2012; Richardson, Simmering & Sturman 
2009). Common procedural methods include using methodological separation, 
psychological separation or temporal separation (Craighead et al. 2011). 
Methodological separation is where various formats are used to capture 
participants’ responses to the independent and dependent variables. This 
includes methods such as Likert-type measurement scales and open-ended 
questions. Psychological separation is when ‘the researcher makes it appear 
that the independent and dependent variables are not related via a cover story 
or other means’ (Craighead et al. 2011, p. 580). Temporal separation involves 
measuring the independent and dependent variables at different points in time 
(Craighead et al. 2011). Other procedural remedies include improving item 
statements to eliminate ambiguity, reducing social desirability in item wording 
and balancing positive and negative items (Podsakoff, MacKenzie & Podsakoff 
2012). 
 
Statistical remedies include using factor analysis or the marker variable 
technique (Craighead et al. 2011). In factor analysis, CMV is assumed to exist 
if one factor accounts for the majority of variance in the variables (Craighead 
et al. 2011). The marker variable technique involves, ‘incorporating an 
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additional variable into the study that is theoretically un-related to at least one 
other variable of interest’ and studying the correlation between the marker 
variable and other variables (Craighead et al. 2011, p. 580).  
 
However, there is still debate surrounding the risks and potential benefits 
associated with the use of statistical detection and correction methods 
(Podsakoff, MacKenzie & Podsakoff 2012; Richardson, Simmering & Sturman 
2009). Richardson, Simmering and Sturman (2009) identified that there is a 
lack of empirical evidence regarding the accuracy of the statistical correction 
techniques. Further, given disagreement about the nature and likelihood of 
CMV, the application of statistical methods could be misleading, with the 
potential to falsely conclude an effect of CMV on results (Richardson, 
Simmering & Sturman 2009). Following the empirical examination of CMV on 
over 690,000 simulated datasets, Richardson, Simmering and Sturman (2009, 
p. 797) conclude that relying on post hoc statistical detection was ‘no better 
than throwing darts in the dark’. 
 
Given uncertainty regarding appropriate statistical methods, the questionnaire 
incorporated the following three methods to reduce any potential implications 
of CMV: 
• Psychological separation: Psychological separation was included in 
the questionnaire via the use of a ‘cover story’ and introductory 
sentence prior to the completion of each aspect of the experiment 
(Craighead et al. 2011; Podsakoff, MacKenzie & Podsakoff 2012). The 
cover story was included to make it appear to the participants that ‘the 
independent and dependent variables are not related’ (Craighead et al. 
2011, p. 581). For example, separation between the choice experiments 
and demographic questions was clearly identified. 
• Eliminating ambiguity: Ambiguous items are items that are ‘difficult to 
interpret and require people to construct their own idiosyncratic 
meanings for them’ (Podsakoff, MacKenzie & Podsakoff 2012, p. 551). 
To eliminate ambiguity in its design, the questionnaire was developed 
in line with the recommendations of Podsakoff, MacKenzie and 
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Podsakoff (2012), including keeping the questions simple, specific and 
concise, defining ambiguous or unfamiliar terms and avoiding vague 
concepts. Once the questionnaire was developed, it was reviewed by a 
panel of marketing academics from Deakin University. The result of the 
pilot questionnaire and cognitive interviews were also incorporated in 
the final design to ensure potentially ambiguous questions were 
modified where possible.  
• Reducing social desirability: Perceived social desirability has been 
stated to influence participants’ responses in that they respond in the 
most socially acceptable manner (Podsakoff, MacKenzie & Podsakoff 
2012). To control for the effects of wording on perceived social 
desirability, the questionnaire was reviewed by marketing research 
experts to minimise any questionnaire-induced influence on social 
desirability.  
 
4.5.3 Pilot testing 
Prior to implementation, the questionnaire was tested by a sample from the 
population of interest, in a pilot test. Completing a pilot test of a choice 
experiment is recognised in the literature as a key component of the 
experimental design process (Hensher, Rose & Greene 2005; Lancsar & 
Louviere 2008). The central aim of a pilot test is to ‘ascertain how well the 
questionnaire works’ and ensure that the questionnaire is comprehensible by 
participants and would produce reliable and valid results (Hunt, Sparkman Jr 
& Wilcox 1982, p. 269). The pilot test involves having a small number of 
participants complete the questionnaire, prior to providing feedback on its 
usability and comprehensibility.  
 
4.5.3.1 Pre-pilot test 
As part of the pilot testing process, the draft questionnaire was first tested by 
a panel of marketing academics from Deakin University, as well as 
postgraduate students in a pre-pilot test. These participants were asked to 
evaluate the questionnaire in terms of its suitability, usability, clarity and 
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comprehensibility. The pre-pilot questionnaire contained a comment box at the 
end of each section, asking participants to provide feedback and any 
recommendations that may be applicable.  
 
Minor amendments were suggested and adopted from participants of the pre-
pilot test. The recommendations were as follows: 
• Rephrasing the opening statement to ‘imagine you are purchasing a 
brand-new vehicle (car)’.  
• Presenting additional transport options, including Trams, when 
collecting the participants preferred mode of transport. Trams are a 
popular method of transportation in Victoria, one state of Australia.  
 
4.5.3.2 Pilot test of questionnaire: Pilot study two 
Following the completion of the pre-pilot test, the pilot test of the main 
experiment was completed as pilot study two. This pilot test was completed by 
over 50 participants from the population of interest. To ensure consistency, the 
pilot study was implemented in an identical manner to that of the intended 
study, via the survey administration software Qualtrics (Qualtrics 2015). As 
with the pre-pilot test, the pilot questionnaire also contained a comments 
section allowing participants to provide feedback into the development of the 
final questionnaire.  
 
The literature suggests that pilot studies require only a small sample of 
participants. For example, in relation to a DCE, de Bekker-Grob et al. (2015, 
p. 377) stated that ‘to obtain some insight into these parameter values, a small 
pilot DCE study—for example with 20–40 respondents may be helpful,’ while 
Pomarici and Vecchio (2014) completed a pre-test questionnaire with 30 
participants. The minimum number of participants required to complete the 
pilot questionnaire in this study was specified as 50. As part of the pilot study, 
the scale reliability of the instrument was examined through the internal 
consistency measures and a preliminary MNL was estimated. The results of 
the pilot study are presented in Chapter 5. 
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4.5.3.3 Cognitive interviewing 
Cognitive interviewing is a process by which participants are asked to discuss 
their approach to answering questions within the questionnaire. Although pilot 
testing is able to identify structural and layout issues with a questionnaire, 
differences in participants’ interpretations of questions may be overlooked 
(Alaimo, Olson & Frongillo 1999). Cognitive interviewing overcomes this 
problem by focusing on understanding the mental processes respondents use 
to answer questions, and thus can be considered complementary to the pilot 
test (Collins 2003). 
 
There are two main methods for completing cognitive interviews, each with 
advantages and disadvantages. The first method, the think aloud method, 
involves asking participants to talk through their thought processes in 
responding to a question and how they arrive at their answer (Alaimo, Olson & 
Frongillo 1999). The second method, verbal probing, is where the interviewer 
asks the  participants to respond to particular questions about the items 
(Alaimo, Olson & Frongillo 1999). This study adopted probing questions to 
ensure the following objectives were met: 
• Response: Could participants answer the questions in a way that 
adequately reflected their experiences and preferences? 
• Comprehension and ambiguity: Did the participants understand the 
questions and their components in the way the researcher intended? 
 
Following the examples and suggestions of cognitive probes in Collins (2003), 
the cognitive interview asked participants to evaluate each question in the pilot 
study and respond to the following questions: 
• How did you feel about answering this question?  
• Was the question easy or difficult to answer? Why do you say that? 
• How did you go about answering that question? 
• Where there any aspects of the questionnaire you did not understand?  
• Can you rephrase the question in your own words and tell me what it 
means?  
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Both the concurrent and retrospective implementation methods were 
considered to complete the cognitive interviews. The concurrent method aims 
to hold the interview at the same time the participant is completing the 
questionnaire. This has the advantage that it minimises time between the 
completion of the questionnaire and the interview to elicit participants’ 
responses. The disadvantage is that the questionnaire is interrupted and thus 
the participant does not experience its true flow and format. Retrospective 
implementation on the other hand, is when the participant is interviewed after 
completing the entire questionnaire, possibly at a later date. This has the 
advantage that the questionnaire is not interrupted and participants can 
experience the questionnaire in a realistic setting. However, this approach 
potentially suffers from a time delay in which the participant may forget their 
thought process at the time of completing the questionnaire (Alaimo, Olson & 
Frongillo 1999). This study implemented the cognitive interview in the 
retrospective approach, asking participants to respond to the cognitive 
questions straight after completing the questionnaire. In total, six cognitive 
interviews were completed, which led to several adjustments to the 
questionnaire as follows: 
• Participants were unsure of current emission levels of the EVs and 
stated they would be better positioned to make a comparison if the 
emission levels were expressed as a percentage compared to 
conventional petrol-powered vehicles. Thus, emission levels relative to 
conventional petrol-powered vehicles were subsequently included.  
• When selecting their preferred vehicle size, participants stated they 
would prefer to see a greater number of available vehicles presented 
as examples of vehicle size and class. This would ensure their 
preference for vehicle size and class was aligned with the appropriate 
specification. A table outlining the highest selling vehicles in each class 
was subsequently presented. 
• Participants stated they were unsure how many choice scenarios would 
be presented and would benefit from knowing how many choice 
scenarios they would be required to respond to, to allocate the 
appropriate time to complete the questionnaire. The number of choice 
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situations participants were required to respond to was consequently 
stated in the introduction. 
 
4.6 Sampling strategy and data collection  
The implementation of the main experiment required the sample size, 
sampling procedure, implementation and data collection method to be 
cemented.  
 
4.6.1 Sample size 
The calculation of sample size for a DCE depends on the model type, the 
number of alternatives, the number of attributes, number of attribute levels, 
attribute level range, the design itself and the likely parameter estimates 
(Hensher, Rose & Greene 2005). Thus, there is no universal minimum sample 
size suitable for all experimental designs (de Bekker-Grob et al. 2015; Rose & 
Bliemer 2013). Further, the sample size calculation methods are often not 
reported. In a review of healthcare related DCE studies published in 2012, de 
Bekker-Grob et al. (2015) reported that more than 70 per cent of studies did 
not clearly report what kind of sample size calculation method was used. 
 
The sample size requirement for this research was based on the 
recommendations by Orme (1998) and Johnson and Orme (2003) who 
provided the guidance as outlined in the following equation: 
 𝑛 ≥ 500.
𝐶
𝑡 ×𝑎
  (4.2) 
 
where 𝑛 is the number of respondents, 𝑡 is the number of choice tasks and 𝑎 
the number of alternatives per task. If the DCE is a main effects design, then 
𝑐 is equal to the largest number of attribute levels. However, when considering 
two-way interactions, 𝑐 is defined as the largest product of levels of any two 
attributes. This rule of thumb has been criticised because it only incorporates 
some aspects of the experimental design. The rule of thumb will suggest the 
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same sample size for both an efficient and fractional factorial design, provided 
the number of levels, choice tasks and alternatives are the same. 
 
Lancsar and Louviere (2008, p. 670) also provided guidance on sample size 
requirements for DCE, stating that their empirical experience suggests ‘that 
one rarely requires more than 20 respondents per version to estimate reliable 
models, but undertaking significant post hoc analysis to identify and estimate 
co-variate effects invariably requires larger sample size’. Orme (1998) 
suggested that a study analysing the difference between sample segments 
would require a minimum sample size of 200 respondents.  
 
As this study also included a latent variable model to be estimated via SEM, 
consideration was given to sample requirements for this methodology. Various 
guidelines on the minimum sample size for SEM have been proposed. Hair et 
al. (2010) stated a minimum of 15 to 20 observations are required per studied 
variable, while Bentler and Chou (1987) recommended 5 to 10 observations 
per estimate.  
 
Following the above guidance and considering the experimental design, an 
absolute minimum sample size of 400 was specified requiring 25 responses 
per each of the 16 choice profiles to be collected. However, to improve the 
performance of the model and results, a target sample size of 480, with 30 
respondents for each choice set, was specified. This was in line with previous 
research on EV adoption, which has been completed with sample sizes 
ranging from 210 to over 3,000 respondents as outlined in Table 4.8. 
 
Table 4.8: Summary of EV studies and sample size 
Author 
Sample size 
(number of participants) 
Plötz et al. (2014) 210 
Achtnicht, Bühler and Hermeling (2012) 598 
Hackbarth and Madlener (2016) 711 
Mabit and Fosgerau (2011) 2,146 
Hidrue et al. (2011) 3,029 
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4.6.2 Sampling strategy 
As this research aims to understand how Australian consumers respond to 
EVs, the population of interest for this research study was Australian adults, 
aged 18 and over, who own and/or may purchase a motor vehicle.  
 
To complete the study, participants were recruited, selected and administered 
via an ‘opt-in’ online research panel recruited from the market research 
company SSI. Relative to traditional methods, recruiting participants from SSI 
provided timely and cost-effective access to a large population base, reflective 
of the population of interest. Each participant who completed the study was 
rewarded via an allocation of points, that could be redeemed for various 
rewards including gift cards or cash in line with SSI’s reward policy. 
 
Online opt-in panels have been previously applied in DCE and HCMs, 
including studies by Crouch et al. (2007), Louviere et al. (2013) and Potoglou, 
Palacios and Feijóo (2015). It is important to note that one potential limitation 
of the use of internet-based questionnaires is their potential bias and inability 
to capture a cross-sectional representation of the population of interest. This 
may be because most members of the population of interest are not members 
of the particular panel chosen, including those who do not have the required 
computer access. It may also be that some members of the population do not 
have sufficient computer literacy to complete the questionnaire (Fricker & 
Schonlau 2002; Hoogendoorn & Daalmans 2009). To limit the effect of sample 
bias, participants were recruited with specified quotas for both gender and age, 
a strategy adopted in previous research (Bansback et al. 2014; Pedersen et 
al. 2012; Potoglou, Palacios & Feijóo 2015; Temme, Paulssen & Dannewald 
2008). As shown in Table 4.9, the quotas were selected based on gender and 
age of participants relative to the Australian population, from data provided by 
the Australian Bureau of Statistics (2015a). The quota sizes were calculated 
by multiplying the total experiment sample size by the relative percentage of 
each category, as per Australian Bureau of Statistics data (2015a). 
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Table 4.9: Minimum quota specifications for the main experiment 
 
Australian population 
% 
Number of participants 
(Min) 
Gender   
Male 49.8 239 
Female 50.2 241 
Age (years)   
18–24 14.2 68 
25–34 19.2 92 
35–44 17.9 86 
45–54 17.2 82 
55–64 14.9 72 
65–74 10.8 52 
75+ 5.9 28 
 
Gender and age statistics sourced from the Australian Bureau of Statistics data (2015a). 
 
4.6.3 Implementation 
Both the main questionnaire and pilot studies were implemented and 
administered via the online questionnaire implementation tool Qualtrics 
(Qualtrics 2015).  
 
Participants were recruited by SSI and emailed an invitation to complete the 
questionnaire. The email invited participants to access the Qualtrics website, 
where they were able to complete the questionnaire. No time limits were 
imposed on participants, who were able to complete the questionnaire at their 
leisure and at a time of their choice (Sauermann & Roach 2013). Participants 
were randomly presented one of 16 possible choice profiles and excluded from 
completing the questionnaire more than once.  
 
The main experiment was executed via Qualtrics using the Deakin University 
license, and administered by SSI during March and April 2016. Access to the 
experiment was limited to this period to ensure consistency within responses 
and that the participants were exposed to the same external conditions, such 
as fuel price. 
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The main questionnaire was completed as follows: 
• Introduction:  
o overview summary of the experiment, aims and procedure 
o plain language statement 
o consent form.  
• Participant characteristics and sociodemographic information: 
o participants were required to provide information on their 
characteristics and sociodemographic information. 
• The choice experiment: 
o participants were required to respond to nine choice scenario 
questions. 
• Psychological aspects associated with purchasing electric vehicles: 
o participants were required to answer questions on their attitudes, 
subjective norms, perceived behavioural control and intention 
towards purchasing an EV. 
• Participant’s preferences for vehicles and driving habits: 
o participants were required to answer questions on their 
preference for vehicles and driving habits.  
• Conclusion: 
o participant feedback 
o debrief statement, including follow-up questions and contact 
details. 
 
4.6.4 Data preparation and entry for the main experiment 
Following completion of the experiment, the results were recorded and 
reviewed. Specifically, the data were evaluated according to SSI data integrity 
measures and guidelines from the literature, according to the following: 
• A self-report measure of response quality: Participants were 
required to provide feedback to a single question on the accuracy of 
their response. Following application of the measure by Meade and 
Craig (2012), participants were asked to respond to the following: 
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o ‘It is vital that this study collects accurate information. In your 
honest opinion, should we use your data in our analysis in this 
study? Yes/No’. 
• Inclusion of bogus questions: A bogus item was included to detect if 
participants understood and responded to questions correctly. 
Following application of the measure by Meade and Craig (2012), 
participants were asked to respond to the following: 
o ‘To show that you are reading these instructions, please leave 
this question blank’. 
• Completion time: Participants’ response times were reviewed, with 
participants completing the questionnaire in less than the median length 
flagged for review and potential omission. 
• Straight lining: In conjunction with completion time, participants who 
provided straight-line responses were flagged for review. These were 
considered to be when a participant selected the same category for all 
responses; for example, selecting ‘strongly agree’ for all TPB measures. 
• Invalid responses: All questions were reviewed for incorrect data or 
responses that did not match the question. Qualtrics imposes controls 
to minimise the risk of invalid responses, such as checks to ensure text 
cannot be entered when a numerical response is required. 
 
Results were exported and transferred into Excel and SPSS workbooks to 
allow for computation in the analysis software. Compiling the results into an 
Excel workbook allowed the data to be used across multiple analysis tools 
including Biogeme (Bierlaire 2016) and Mplus Version 7.4 (Muthén & Muthén 
2015b). To maintain the integrity of the data, they were handled as follows: 
• exported from Qualtrics into an Excel workbook 
• reviewed by the primary researcher 
• reviewed by an external impartial analyser from SSI to confirm there 
had been no errors in the collection of data through the Qualtrics online 
platform. 
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4.7 Results and analysis of the main 
experiment 
To test the conceptual framework and associated hypotheses developed in 
Chapter 3, analysis of the main experiment was completed as follows:  
• The sociodemographic characteristics of participants were reviewed to 
explore how representative the sample was to that of the population of 
interest. 
• Confirmatory factor analysis (CFA) and estimation of the TPB via SEM 
was completed to ensure that a satisfactory TPB model would be 
included in the HCM. 
• A baseline MNL (MNL1) was estimated to investigate consumer 
behaviour towards the adoption of EVs. 
• In addition to MNL1, a subgroup analysis was completed to investigate 
the price sensitivity of consumers and WTP for EV and their attributes. 
Specifically, vehicle preferences and driving habits were interacted with 
the purchase price of EVs.  
• A HCM was estimated to integrate the TPB into the MNL model. The 
HCM aimed to provide a more behaviourally realistic model, with 
improved explanatory power over the simple MNL. This was undertaken 
to provide additional insights into the decision-making process and 
adoption of EVs. 
 
4.7.1 Preliminary analysis 
Prior to the estimation of the SEM, MNL and HCM, all data were coded and 
examined for data accuracy and missing values. The data were then reviewed 
for outliers, the assumptions of normality, multicollinearity, linearity and 
homoscedasticity.  
 
Chapter 4                                                                      Research methodology 
 
120 
 
4.7.1.1 Missing data 
Missing data is a problem associated with almost all statistical analysis 
including SEM (Allison 2003; Hair et al. 2010). Hair et al. (2010, p. 42) outlined 
that missing data has a practical effect in terms of reduction of the sample size, 
while from a substantive perspective, they stated that ‘any statistical results 
based on data with non-random missing data process could be biased’. While 
Qualtrics has the capacity to force respondents to answer each question 
before proceeding, this questionnaire did not require them to respond to all 
questions.  
 
Following the recommendations of Hair et al. (2010), missing data were 
identified and rectified in a four-step process as follows: 
• Step 1: Determine the type of missing data. This step involved 
determining whether the missing data were ignorable or not. Ignorable 
data may result from the design process, while non-ignorable data may 
be known or unknown by the researcher. 
• Step 2: Determine the extent of missing data. The purpose of this 
step was to review the missing data and determine ‘whether the extent 
or amount of missing data is low enough to not affect the results, even 
if it operates in a non-random manner’ (Hair et al. 2010, p. 44). There 
are no clear guidelines on what constitutes an acceptable level of 
missing data; however, rules of thumb have been recommended. For 
example, Hair et al. (2010, p. 47) suggested that ‘missing data under 10 
per cent for an individual case or observation can generally be ignored, 
except when missing data occurs in a non-random fashion’. Tabachnick 
and Fidell (2007, p. 63) also reported that when missing data only relate 
to a few data points, such as 5 per cent or less, then ‘the problems are 
less serious and almost any procedure for handling missing values 
yields similar results’. In this instance, the simple remedy of deleting 
individual responses with missing data was adopted.  
• Step 3: Diagnose the randomness of the missing data. This step 
involved determining the degree of randomness in missing data. 
Missing data may be defined as missing at random or missing 
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completely at random. The level of randomness associated with missing 
data defines what subsequent action is taken as discussed in Section 
5.4. 
• Step 4: Select the imputation method. The final step in the process 
is to decide on the method used to accommodate any missing data.  
 
Further details on missing data are presented in Chapter 5. 
 
4.7.1.2 Outlier analysis 
Outliers can be defined as any ‘data points that deviate markedly from others’ 
(Aguinis, Gottfredson & Joo 2013, p. 272). It is important to identify outliers as 
they have the potential to lead to ‘important changes in parameter estimates 
when researchers use statistical methods that rely on maximum likelihood 
estimators’ (Aguinis, Gottfredson & Joo 2013, p. 272). As part of the 
preliminary analysis, the data were reviewed for the presence of both 
univariate and multivariate outliers. 
 
Univariate outliers can be considered an unlikely or extreme value of one 
variable (Hair et al. 2010). Univariate outliers can be detected by graphical 
methods such as histograms and scatter plots, or by converting the data to 
standardised z-scores and reviewing the results. In regard to graphical 
methods, histograms of variables can be used to identify data points that are 
‘unattached to the rest of the distribution’ (Tabachnick & Fidell 2007, p. 74). 
When standardised z-scores are used to identify potential outliers, a score in 
excess of 3.29 (p < 0.001) may indicate a potential outlier (Tabachnick & Fidell 
2007). 
 
Multivariate outliers are unlikely or extreme values of a combination of 
variables. Multivariate analysis cannot be detected using z-scores; additional 
tests including Cook’s test or the Mahalanobis distance are instead required 
(Aguinis, Gottfredson & Joo 2013; DeSimone, Harms & DeSimone 2015; 
Mahalanobis 1936). In this study, Mahalanobis distance was calculated to test 
for the presence of multivariate outliers. The Mahalanobis distance is a 
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measure of the distance of an observation from the mean centre of all of the 
observations, where ‘a large Mahalanobis distance may mean that the 
corresponding observation is an outlier’ (Aguinis, Gottfredson & Joo 2013, p. 
277). In applying the above analysis, outliers were not considered to affect the 
results, as discussed in further detail in Chapter 5. 
 
4.7.1.3 Test of normality 
Normality is ‘the most fundamental assumption in multivariate analysis’ (Hair 
et al. 2010, p. 71). A number of estimation methods including maximum 
likelihood estimation are based on the assumption of normality. If this 
assumption is incorrect, inaccurate parameter estimates may be generated 
(Lei & Lomax 2005). As part of the data screening process, both univariate and 
multivariate normality was assessed. 
 
Normality can be assessed by both graphical and statistical methods (Hair et 
al. 2010; Tabachnick & Fidell 2007). When using graphical methods, Hair et 
al. (2010) stated, one of the simplest diagnostic tests for normality is a visual 
check of the histogram of the observed data, comparing the shape of the 
distribution to that of a normal distribution. However, this method may be 
problematic for smaller samples. 
 
In this research, statistical tests of skewness and kurtosis were used to detect 
univariate normality. Skewness is ‘used to describe the balance of the 
distribution’, while kurtosis refers to the ‘peakedness’ or ‘flatness’ of the 
distribution compared with the normal distribution’ (Hair et al. 2010, p. 71). In 
interpreting the results of these tests, Lei and Lomax (2005, p. 2) proposed 
that ‘most researchers tend to categorize the absolute values of skewness and 
kurtosis less than 1.0 as slight nonnormality, the values between 1.0 and about 
2.3 as moderate nonnormality, and the values beyond 2.3 as severe 
nonnormality’. 
 
In addition to using skewness and kurtosis, univariate normality was also 
assessed via the Kolmogorov–Smirnov and Shapiro–Wilk tests. These two 
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tests are among the most common tests of normality and both ‘calculate the 
level of significance or the differences from a normal distribution’ (Hair et al. 
2010, p. 73). In a comparison of the two test procedures, Razali and Wah 
(2011) suggested that the Shapiro–Wilk test is the more powerful.  
 
Multivariate normality was assessed by the multivariate kurtosis statistic 
known as Mardia’s coefficient (Mardia 1970, 1974). Mardia’s coefficient can be 
converted to a normalised score, equivalent to that of a z-score, and then 
assessed. Researchers including Ullman (2006) have recommended that 
normalised coefficients greater than 3.0 are indicative of non-normality. 
 
Based on the univariate and multivariate assessments, the data were 
considered non-normal, as discussed in Chapter 5. Consequently the choice 
models were estimated in Mplus using maximum likelihood estimation with 
standard errors (MLR), which is robust to non-normality (Muthén & Muthén 
2015a). 
 
4.7.1.4 Multicollinearity 
Multicollinearity can be defined as the degree to which explanatory variables 
are correlated with each other (Hair et al. 2010; Tabachnick & Fidell 2007). 
There are three common methods presented in the literature to measure and 
detect multicollinearity. The methods include reviewing the correlation matrix, 
calculating the tolerance value and calculating the variance inflation factor 
(VIF) (Hair et al. 2010). When examining the correlation matrix a squared 
correlation above 0.9 indicates a potential problem with multicollinearity 
(Tabachnick & Fidell 2007). Tolerance is a direct measure of multicollinearity 
and assesses the amount of variability of the selected independent variable 
not explained by the other independent variables. Finally, the VIF is the inverse 
of the tolerance value. Although no definitive criteria exist, guidelines propose 
that tolerance values less than 0.1 (VIF >10) indicate the presence of 
multicollinearity (Hair et al. 2010). To test for multicollinearity, the artificial 
linear regression was calculated between each of the variables of the TPB by 
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selecting another variable to represent the ‘dependent’ variable in SPSS. As 
outlined in Chapter 5, multicollinearity conditions were satisfied. 
 
4.7.1.5 Linearity and homoscedasticity 
Linearity refers to whether the relationship between the predictor and 
dependent variable is linear. Two common methods to assess linearity include 
examining residuals and, more commonly, examining scatter plots of the 
variables. In this analysis, linearity was assessed by reviewing the scatter plots 
of the variables to detect nonlinear patterns in the data, with requirements 
satisfied. 
 
Homoscedasticity refers to the ‘assumption that dependent variable(s) exhibit 
equal levels of variance across the range of predictor variable(s)’ (Hair et al. 
2010, p. 74). Homoscedasticity can be assessed statistically via Levene’s test 
or graphically by reviewing the scatter plots of variables. As presented in 
Chapter 5, homoscedasticity conditions were satisfied. 
 
4.7.2 Analysis of the Theory of Planned Behaviour 
The first phase of the analysis was to define and test the TPB and 
measurement model through CFA and SEM analyses, with the following aims: 
• To confirm the validity and reliability of the measurement model. 
Although the measurement items and scales were developed based on 
the literature, completing a CFA would confirm the validity and reliability 
of the measurement model (Mariel & Meyerhoff 2016; Temme, 
Paulssen & Dannewald 2008; Valeri & Cherchi 2016).  
• To explore relationships among the constructs of the TPB (Mariel & 
Meyerhoff 2016; Temme, Paulssen & Dannewald 2008). 
 
SEM, also known as path analysis, causal modelling or causal analysis, is a 
statistical modelling method that allows hypothesised relationships among 
independent and dependent variables to be examined (Hair et al. 2010). 
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Ullman (2006, p. 35) defined SEM as ‘a collection of statistical techniques that 
allow a set of relations between one or more independent variables, either 
continuous or discrete, and one or more dependent variables, either 
continuous or discrete, to be examined’. SEM has advantages over other 
techniques in that it allows researchers to examine relationships among 
multiple dependent and independent variables simultaneously (Hair et al. 
2010). Bagozzi and Yi (2012) outline eight benefits of SEM as follows: 
1. Provides an integrative function (a single umbrella of methods under 
leading programs). 
2. Helps researchers to be more precise in their specification of 
hypotheses and operationalisations of constructs. 
3. Takes into account reliability of measures in tests of hypotheses in 
ways going beyond the averaging of multi-measures of constructs. 
4. Guides exploratory and confirmatory research in a manner combining 
self-insight and modelling skills with theory. Works well under the 
philosophy of discovery or the philosophy of confirmation. 
5. Often suggests novel hypotheses originally not considered and opens 
up new avenues for research. 
6. Is useful in experimental or survey research, cross-sectional or 
longitudinal studies, measurement or hypothesis testing endeavours, 
within or across groups and institutional or cultural contexts. 
7. Is easy to use. 
8. Is fun. (Bagozzi & Yi 2012, p. 12) 
 
The SEM was first reviewed to determine the reliability and validity of the 
measurement model, before estimating the HCM (Anderson & Gerbing 1988). 
In particular, the process for completing the SEM was implemented following 
the recommendations of Hair et al. (2010, p. 654), who outlined the six stages 
of estimation as follows: 
• Stage 1: Define individual constructs. The first step in the process 
involved defining and selecting constructs to be included in the model. 
In this thesis, the SEM represents the TPB constructs. 
• Stage 2: Develop the overall measurement model. This step 
involved assigning the measurement items to the psychological 
constructs.  
• Stage 3: Define a study to produce empirical results. In this step, 
the study design was reviewed in relation to issues such as sample size, 
and estimation methods were selected.  
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• Stage 4: Assess the validity of the measurement model. As outlined 
by Hair et al. (2010, p. 664), ‘measurement model validity depends on 
(1) establishing acceptable levels of goodness of fit for the 
measurement model and (2) finding specific evidence of construct 
validity’. In this research, measurement model validity was assessed 
through CFA. The benefit of CFA is that the researcher ‘can analytically 
test a conceptually grounded theory explaining how different measured 
items represent important psychological, sociological or business 
measures’ Hair et al. (2010, p. 687).  
• Stage 5: Specify the structural model. This step involved assigning 
relationships from one construct to another based on the proposed 
theoretical model. In this research, the structural model was derived 
from the TPB, as outlined in the development of the conceptual 
framework presented in Chapter 3.  
• Stage 6: Assessing the validity of the structural model. This step 
involved testing the validity of the structural model and the 
corresponding relationships among constructs. 
 
The first four stages are associated with defining the measurement model and 
CFA, while stages 5 and 6 are associated with the structural model. Stages 1 
to 3 were covered in previous sections. Stages 4 to 6 are outlined below.  
 
4.7.2.1 Confirmatory factor analysis and assessing the measurement 
model validity 
In this study, CFA was used to confirm the proposed structure of the 
measurement model. This model represents the relationship between the 
measurement items and the latent variables (Anderson & Gerbing 1988). CFA 
is applied when the ‘researcher has a strong idea about the number of factors, 
the relations among the factors, and the relationship between the factors and 
measured variables’ (Ullman 2006, p. 37). The measurement model was 
assessed in relation to the goodness-of-fit measures of the model and by 
evaluating the validity and reliability of the measurement scales. 
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4.7.2.1.1 Model fit  
Three prominent goodness-of-fit measures are used to evaluate a 
measurement model including absolute, incremental and parsimonious fit 
indices. Hair et al. (2010) stated that no single fit index or value can be used 
to definitively distinguish good models from poor models, emphasising the 
importance of using multiple fit indices to assess a model’s overall goodness-
of-fit. 
 
Absolute fit indices are ‘a direct measure of how well the model specified by 
the researcher reproduces the observed data’ (Hair et al. 2010, p. 666). They 
include the χ² statistic, goodness-of-fit index (GFI), root mean square error of 
approximation (RMSEA), root mean square residual (RMSR) and standardised 
root mean residual (SRMR).  
 
The χ² statistic is derived from the difference between the observed scale 
covariance matrix and the SEM-estimated covariance matrix. The resulting χ² 
should not be significant (i.e. p > 0.05) for a good fitting model. However, the 
χ² statistic suffers from the limitations of being sensitive to model complexity 
and sample size, particularly when observations exceed 200 (Hair et al. 2010). 
To overcome these limitations, the normed χ² is often used. The normed χ² is 
calculated as the ratio of χ² to the number of degrees of freedom of the model. 
Values between 1 and 3 have been stated to represent a good model fit (Hair 
et al. 2010). 
 
The RMSR and SRMR are other absolute fit indices. The SRMR is the 
standardised value of RMSR and thus is ‘useful for comparing fit across 
models’ Hair et al. (2010, p. 668). The RMSEA also measures model fit by 
comparing the estimated model to a perfectly saturated model. Lower values 
for RMSR, SRMR and RMSEA all represent improved model fit, with the 
recommendations stating that values below 0.05 represent a good fit, while 
values below 0.8 represent an adequate fit (Hair et al. 2010; Tabachnick & 
Fidell 2007). 
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Incremental fit indices ‘differ from absolute fit indices in that they assess how 
well a specified model fits relative to some alternative baseline model’ (Hair et 
al. 2010, p. 668). Incremental fit indices include the normed fit index (NFI), 
comparative fit index (CFI), Tucker–Lewis index (TLI) and relative non-
centrality index. The CFI and TLI are among the most widely used and reported 
indices, and were thus applied in this research. 
 
The CFI assesses the model fit relative to other models and is among one of 
the most widely used indices. CFI values range between 0 and 1, with Hair et 
al. (2010, p. 669) stating that values ‘above 0.9 are usually associated with a 
model that fits well’. The TLI is similar to the CFI, but differs in that it is a 
comparison of the normed chi-square values for the null and specified model. 
Thus, the TLI takes into account model complexity. The TLI is also not normed 
and thus values can fall outside the range of between 0 and 1 (Hair et al. 2010). 
Like the CFI, a model with a higher value considered to represent a better 
fitting model (Hu & Bentler 1999). 
 
Table 4.10 below provides an overview of fit indices used in the CFA and SEM 
analysis of this thesis and their recommended acceptance levels. 
 
Table 4.10: Goodness-of-fit measures 
Measure Abbreviation 
Recommend 
acceptance levels 
Reference 
Chi-square χ² p value >0.05 Hair et al. (2010) 
Normed chi-square  χ² /df <2 
Tabachnick and 
Fidell (2007) 
Comparative fit index CFI ≥0.95 
Hu and Bentler 
(1998; 1999) 
Tucker–Lewis index TLI ≥0.95 
Hu and Bentler 
(1998; 1999) 
Standardised root mean 
square residual 
SRMR <0.08 
Hu and Bentler 
(1998; 1999) 
Root mean square error of 
approximation 
RMSEA ≤0.06 
Hu and Bentler 
(1998; 1999) 
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4.7.2.2 Model modification 
Following the recommendation of Hair et al. (2010), the CFA was reviewed in 
relation to path estimates, standardised residuals and modification indices. 
These criteria can also be used in diagnosing problems with model fit and 
improving the specification of the model.  
 
The criteria to assess model fit can be defined as follows: 
• Path estimates: Rules of thumb suggest the path loadings should be 
at least 0.5 and ideally above 0.7 (Hair et al. 2010).  
• Standardised residuals: Standardised residuals are calculated as the 
difference between observed and fitted covariance terms, divided by 
the standard error of the residual. Values less than 2.5 do not suggest 
a problem, while values greater than four may indicate a potential 
problem (Hair et al. 2010). 
• Modification indices: Modification indices represent the potential 
reduction in χ² value achieved by freeing a single path in the model (Hair 
et al. 2010). It has been recommended that values above 4 suggest that 
‘the fit could be improved significantly by freeing the corresponding 
path’ (Hair et al. 2010, p. 712). 
 
4.7.2.3 Reliability and validity tests  
One of the primary objectives of CFA is to assess the construct validity of a 
proposed measurement theory. Construct validity is the extent to which a set 
of measured items actually reflect the theoretical latent construct that they are 
designed to measure (Thompson & Daniel 1996). Reliability and validity tests 
include the examination of convergent, discriminant, nomological and face 
validity.  
 
Convergent validity refers to the extent to which ‘indicators of a specific 
construct should converge or share a high proportion of variance in common’ 
(Hair et al. 2010, p. 709). Convergent validity can be assessed through 
common measures including factor loadings, average variance extracted 
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(AVE) and the reliability measures of Cronbach’s alpha and composite 
reliability. 
 
In relation to factor loadings, ‘high loadings on a factor would indicate that they 
converge on some common point, the latent construct’ (Hair et al. 2010, p. 
709). Bagozzi and Yi (2012, p. 17) recommended that standardised factor 
loading estimates should be at least 0.5, but ideally higher than 0.7, ‘with the 
logic being that one attains about 50 per cent explained variance in the 
respective measure as a function of its factor’. 
 
The AVE is calculated as the ratio of the summation of all squared multiple 
correlations of a construct’s items over the number of items for each construct. 
AVE values less than 0.5 indicate that on average, ‘more error remains in the 
item than variance explained by the latent factor structure imposed on the 
measure’ (Hair et al. 2010, p. 709). It has been suggested that the AVE should 
be 0.5 or greater and can be calculated according to the following equation: 
 
 𝐴𝑉𝐸 =  
∑ 𝐿𝑖
2𝑛
𝑖=1
𝑛
  (4.3) 
 
where 𝐿𝑖 represents the standardised factor loadings of each item 𝑖 and the 
number of items is represented by 𝑛. 
 
Reliability is also ‘an indicator of convergent validity’ (Hair et al. 2010, p. 709). 
Two measures commonly used to establish reliability include Cronbach’s alpha 
and composite reliability. Although Cronbach’s alpha is a widely used 
measure, there are differing opinions over which measure produces the best 
estimate of true reliability (Peterson & Kim 2013). Nevertheless, the 
interpretation of results is similar with general rules of thumb stating that value 
of 0.7 or higher is desired to indicate good reliability (Hair et al. 2010).  
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Composite reliability was calculated according to the following equation: 
 𝐶𝑅 =  
(∑ 𝐿𝑖
𝑛
𝑖=1 )²
(∑ 𝐿𝑖
𝑛
𝑖=1 )
2
+ (∑ 𝑒𝑖
𝑛
𝑖=1 )
  (4.4) 
  
where 𝐿𝑖 represents the squared sum of factor loadings of each item 𝑖. The 
sum of the error variance terms is represented by 𝑒𝑖. 
 
Discriminant validity refers to ‘extent to which a construct is truly distinct from 
other constructs’ (Hair et al. 2010, p. 710). To ensure discriminant validity was 
established, the values of AVE for any two constructs was compared with the 
square of the correlation estimates. Discriminant validity is established when 
the variance extracted measures are greater than the squared correlation 
estimates. 
 
Finally, as this research adopted previously used items and scales to measure 
constructs of the TPB, it was important to establish face validity. Face validity 
is the degree to which the content of the items is consistent with the definition 
of the construct (Hair et al. 2010). Rather than a statistical test, face validity is 
based purely on the researcher’s judgement.  In line with the recommendations 
of Hair et al. (2010, p. 710), face validity ‘must be established prior to any 
theoretical testing when using CFA’. In this research, face validity of the 
measurement items was assessed by the researcher and three marketing 
academics from Deakin University, who reviewed the questionnaire, prior to 
implementation. 
 
4.7.2.4 Structural equation modelling 
Following completion of the CFA and evaluation of the measurement model, 
SEM was undertaken to investigate the relationships among constructs. To 
develop the structural model, causal paths were added between the TPB 
constructs and intention.  
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In evaluating the structural model, the goodness-of-fit was assessed. The 
estimated relationships and path coefficients were then evaluated for statistical 
significance and the direction of the relationships reviewed. 
 
4.7.3 Analysis of the choice model 
This section presents the procedure governing the estimation of the choice 
model to investigate Australian consumer behaviour towards EVs and test the 
conceptual framework developed in Chapter 3. Three models were estimated. 
The first model estimated was the baseline MNL, MNL1, which incorporated 
the directly observed explanatory variables into the utility function. The 
observable explanatory variables included the vehicle attributes describing the 
choice alternatives and the sociodemographic characteristics of the 
participants.  
 
Following on from MNL1, interaction effects between the participants’ 
preferences for vehicles and driving habits, and the purchase price were 
included in the utility function (MNL2). Incorporating interaction effects enabled 
the price sensitivity and difference in the marginal WTP across different 
subgroups of the population to be investigated.  
 
Finally, the above MNL model was expanded to incorporate the psychological 
constructs, as represented by the TPB, to estimate a HCM. An MNL model is 
limited in its ability to account for psychological constructs and, as clearly 
identified in the literature review, non-observable psychological constructs 
such as attitudes play an important role in the adoption of EVs. To overcome 
the limitations of MNL models, a HCM was tested to incorporate both the 
observed factors and the unobserved psychological constructs. This model 
explored the role of both the observed explanatory variables, such as vehicle 
attributes, and provided insight into the role of the constructs of the TPB. 
 
Although several software programs, including Python Biogeme (Bierlaire 
2016), have the capability to estimate both DCM and HCMs, this study used 
Mplus Version 7.4 to estimate all models (Muthén & Muthén 2015b). Mplus is 
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one of the more popular statistical packages for estimating SEM, but has the 
additional ability to simultaneously estimate a HCM. As outlined by Temme, 
Paulssen and Dannewald (2008, p. 224), Mplus ‘offers the full flexibility of an 
SEM program to specify complex structures of latent variables’, while also 
providing the flexibility of both numerical and Monte Carlo integration for 
simultaneously estimating a multinomial logit model with latent predictors’. 
Mplus also facilitates both ‘conventional as well as robust maximum likelihood 
estimation’ (Temme, Paulssen & Dannewald 2008, p. 224).  
 
Further, Mplus has been successfully applied by researchers to estimate 
HCMs (Abou-Zeid & Ben-Akiva 2011; Link 2015; Temme, Paulssen & 
Dannewald 2008). For example, Abou-Zeid and Ben-Akiva (2011) used Mplus 
to estimate a HCM that captured the indirect effect of social comparisons on 
travel choice. Link (2015) applied Mplus to estimate a HCM exploring German 
participants’ responses to congestion charging schemes. Similarly, Temme, 
Paulssen and Dannewald (2008) used Mplus to estimate a HCM investigating 
travel mode choice. The following subsections provide details on the 
estimation process for all three models. 
 
4.7.3.1 Estimating the baseline multinomial logit model 
The first model estimated was MNL1, where only the attributes of EVs and 
sociodemographic characteristics of participants were included as explanatory 
variables in the utility function. The objective of this model was to investigate 
the importance of each attribute in influencing consumer utility for EVs.  
 
In an MNL model, utility is determined by two components: the observed 
‘representative component of utility’ and the unobserved sources of error 
(Hensher, Rose & Greene 2005, p. 76). The observed representative 
components consist of observed factors such as product attributes. The 
unobserved sources of error are the remaining unidentified factors that affect 
choices (Hensher, Rose & Greene 2005). The general framework for the MNL 
is presented in Figure 4.4. 
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Figure 4.4: Overview of the MNL framework (MNL1) 
 
From Figure 4.4, it can be seen that the MNL model is defined by both 
structural and measurement equations. First, the structural equations, as 
represented by the solid arrows, link the observable explanatory variables to 
the choice utilities. The measurement equation is represented by a dashed 
arrow, and express observable choice as a function of unobserved utilities 
(Prato, Bekhor & Pronello 2012). 
 
In defining the structural equation, the utility (𝑈) of each alternative (j ), as 
perceived by the individual (𝑛), is determined as a function of the observed 
explanatory variables (𝑉) and the unknown error term (𝜀). The MNL assumes 
that each error term is an independent and identically distributed (i.i.d.) 
extreme value (McFadden 1974). The assumption of the error term leads to 
the behavioural assumption of independence of irrelevant alternatives (IIA). 
The IIA assumption implies that the ratio of the choice probabilities of any two 
alternatives is unaffected by the presence or absence of other alternatives, 
within the choice set (Hensher, Rose & Greene 2005; McFadden 1974). 
 
Under the assumption of utility maximisation, it is proposed that the decision-
maker will choose the alternative that provides the greatest utility when faced 
with a finite set of mutually exclusive alternatives. For this study, it was 
proposed that the explanatory variables were represented by the attributes of 
Utility
Choice
Vehicle attributes 
Sociodemographic 
characteristics 
Structural equations
Measurement equations
Observed explanatory variables
Unobserved latent variables
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the vehicles and sociodemographic characteristics of alternatives. The 
structural equation is represented by the following equation: 
 𝑈𝑛𝑗 = 𝑉𝑛𝑗 +  𝜀𝑛𝑗  (4.5) 
 
The representative component of utility (𝑉) can then be explained by the 
following equation (Hensher, Rose & Greene 2005; McFadden 1974): 
 𝑉𝑛𝑗  = 𝛽𝑋𝑛𝑗  (4.6) 
 
where 𝑋 is a vector of observed explanatory variables of the alternative (𝑗) and 
𝛽 represents the unknown coefficients to be estimated. Given that consumer 
choice, not the underlying latent element of utility, is what is observed in a 
choice experiment, a measurement equation must be used. Within the 
framework, the measurement equation is defined as:  
 𝑦𝑛𝑗 {
1 𝑖𝑓 𝑈𝑛𝑗 ≥ 𝑈𝑛𝑗′  𝑓𝑜𝑟 𝑗′ ∈ {1, . . . , 𝐽}
 0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                        
  (4.7) 
 
Within this specification, 𝑦𝑛𝑗 is the choice indicator associated with choosing 
one alternative (𝑗), over all possible alternatives (𝐽). An individual (𝑛) will 
choose the alternative with the highest utility relative to other alternatives 
(Hensher, Rose & Greene 2005; McFadden 1974). The individual choice 
probability can then be determined as follows: 
 𝑃(𝑗|𝑗′) =
𝑒𝑉𝑗
∑ 𝑒𝑉𝑗
′𝐽
𝑗′=1
; 𝑗 = 1, … 𝑗, … 𝐽   𝑗 ≠ 𝑗′  (4.8) 
 
Since each participant was required to respond to nine choice scenarios and 
was anticipated to respond in a similar manner to all scenarios, it was assumed 
that error terms associated with each individual participant were correlated. To 
accommodate the correlation, a robust cluster-corrected sandwich estimator 
was used, with error terms correlated for each participant, but independent 
between participants (Huber 1967; Muthén & Muthén 2015a; White 1980). In 
other words, the Huber-White procedure assumes independence across 
participants, but not within individuals and their responses. 
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Following estimation of the MNL model, the coefficients of the variables were 
reviewed with regard to both their statistical significance and sign. The sign of 
the coefficient indicated whether the variables had a positive or negative 
influence on utility. The statistical significance of the coefficient indicated 
whether the variable played an influential role in the selection of the EV. 
 
To determine the statistical significance of parameters, the asymptotic t-
statistic or Wald statistic was estimated. The Wald statistic is ‘calculated and 
interpreted in the same manner as the t-test associated with linear regression 
models,’ by comparing the statistic to a critical value at various levels of 
confidence (Hensher, Rose & Greene 2005, p. 342). The test statistic is 
‘calculated by dividing the parameter by its associated standard error and 
comparing the resulting value to some critical value’ (Hensher, Rose & Greene 
2005, p. 547; Muthén & Muthén 2015a). If the ‘absolute value of the Wald test 
statistic is greater than the critical Wald-value, the analyst may reject the 
hypothesis that the parameter equals zero and conclude that the explanatory 
variable is statistically significant’ (Hensher, Rose & Greene 2005, p. 342). The 
t-statistic or Wald statistic was calculated as follows: 
 𝑡 − 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 =  
𝛽𝑗
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟𝑗
  (4.9) 
 
At a 95 per cent confidence level, the critical value is ±1.96, while at a 90 per 
cent confidence level, the critical value is ±1.64, based on the percentiles of 
the standard normal distribution. 
 
The p-value for the t-test was also calculated and reviewed. Comparing the ‘p-
value to some predetermined confidence level given by alpha’ indicates the 
statistical significance of the parameter (Hensher, Rose & Greene 2005, p. 
343). The t-test and p-value support the same conclusions on the significance 
of parameters, at the same level of confidence. The explanatory power and 
goodness-of-fit associated with the model were also evaluated by McFadden’s 
ρ² (or R²), as well as the Akaike Information Criterion (AIC) and Bayesian 
Information Criterion (BIC). 
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McFadden’s ρ² 
McFadden's ρ² is a measure of the explanatory power and fit of an estimated 
choice model (Ben-Akiva & Lerman 1985; Mokhtarian 2016; Train 2009). It is 
one of the most commonly used measures of goodness of fit for DCMs 
(Mokhtarian 2016; Veall & Zimmermann 1996). The ρ² is calculated as the 
difference between the log-likelihood in the estimated model and that in the 
base model, divided by the log-likelihood of the base model, as follows: 
 𝜌2 =
𝐿𝐿𝐵𝑎𝑠𝑒 𝑀𝑜𝑑𝑒𝑙−𝐿𝐿𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑀𝑜𝑑𝑒𝑙
𝐿𝐿𝐵𝑎𝑠𝑒 𝑀𝑜𝑑𝑒𝑙
       (4.10) 
 
The ρ² can also be calculated as per the following equation: 
 𝜌2 = 1 −
𝐿𝐿𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑀𝑜𝑑𝑒𝑙
𝐿𝐿𝐵𝑎𝑠𝑒 𝑀𝑜𝑑𝑒𝑙
  (4.11) 
 
However, it is important to note that ρ² is not equivalent to R2 associated with 
linear regression models, as the ‘MNL model underlying choice is not linear’ 
(Hensher, Rose & Greene 2005, p. 337). 
 
There are currently no definitive criteria as to what represents an adequate ρ² 
value, but a higher value is preferred. Some researchers have provided 
guidance on adequate ρ² values, including Hensher, Rose and Greene (2005, 
p. 338), who stated that from their experience, a ‘pseudo R-square of 0.3 
represents a decent model fit’. Hauber et al. (2016, p. 307) stated that a ρ² 
‘measure from 0.2 to 0.4 can be considered a good model fit’. Hoyos (2010) 
stated that well-fitted models record a ρ² value above 0.2. 
 
To account for the difference in parameters between models, the adjusted ρ² 
statistic was also calculated (Mokhtarian 2016). The ρ² increases with 
additional parameters, whereas the adjusted ρ² accounts for additional 
parameters by penalising the estimated model as follows:  
 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝜌 2 = 1 −
𝐿𝐿𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑀𝑜𝑑𝑒𝑙−𝐾
𝐿𝐿𝐵𝑎𝑠𝑒 𝑀𝑜𝑑𝑒𝑙
  (4.12) 
 
where the number of parameters is represented by 𝐾. 
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Akaike Information Criterion: 
The AIC was developed by Akaike (1973) as a criterion for comparing two 
models. The model with the lower AIC is preferred. The AIC can be calculated 
according to the following equation: 
 𝐴𝐼𝐶 =  −2𝐿𝐿 + 2𝐾  (4.13) 
 
where 𝐿𝐿 is the log-likelihood and the number of parameters is represented by 
𝐾. 
 
Bayesian Information Criterion: 
The BIC is another criterion for comparing models (Schwarz 1978). As is the 
case with the AIC, the model with a lower BIC is preferred. The BIC can be 
calculated according to the following equation: 
 𝐵𝐼𝐶 =  −2𝐿𝐿 + 𝐾 ∙ ln(𝑛)  (4.14) 
 
where 𝐿𝐿 is the log-likelihood, the number of parameters is represented by 𝐾 
and 𝑛 represents the number of effective observations.  
 
4.7.3.1.1 Calculating willingness to pay  
In addition to the value, sign and significance of coefficients, the participants’ 
WTP was estimated. Specifically, marginal WTP was calculated as the amount 
of ‘money individuals are willing to forfeit in order to obtain some benefit from 
the undertaking of some specific action or task’ (Hensher, Rose & Greene 
2005, p. 357). WTP measures were calculated as the ‘ratio of two parameter 
estimates, holding all else constant’ (Hensher, Rose & Greene 2005, p. 358). 
In calculating marginal WTP, it is important to ensure that both parameters are 
statistically significant, ‘otherwise no meaningful WTP measure can be 
established’ (Hensher, Rose & Greene 2005, p. 359). Following Hensher, 
Rose and Greene (2005), marginal WTP was calculated as per the following 
equation: 
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 𝑊𝑇𝑃 = −
𝛽𝑋
𝛽𝑝𝑟𝑖𝑐𝑒
  (4.15) 
 
The 95 per cent confidence levels were then calculated using the delta method 
(Bliemer & Rose 2013). Four popular approaches are used for calculating the 
confidence intervals for WTP measures. The methods include the delta, 
Fieller, Krinsky Robb and Bootstrap methods (Bliemer & Rose 2013; Hole 
2007). Although there has been discussion and debate in the literature on the 
relative performance of each method, Hole (2007, p. 839) stated that all 
methods ‘produce reasonably accurate confidence intervals in the majority of 
the cases considered,’ however, the delta method has been found to ‘be the 
most accurate when the data is well conditioned’. 
  
The delta method was calculated as specified by Hole (2007, p. 829), by ‘taking 
a first-order Taylor expansion around the mean value of the variables and 
calculating the variance for this expression’ as follows:   
𝑉𝑎𝑟 (
𝛽𝑋
𝛽𝑝𝑟𝑖𝑐𝑒
) =  
1
𝛽𝑝𝑟𝑖𝑐𝑒²
 [𝑉𝑎𝑟(𝛽𝑋) −  2 (
𝛽𝑋
𝛽𝑝𝑟𝑖𝑐𝑒
) . 𝐶𝑜𝑣(𝛽𝑋𝛽𝑝𝑟𝑖𝑐𝑒) +
(
𝛽𝑋
𝛽𝑝𝑟𝑖𝑐𝑒
)
2
. 𝑉𝑎𝑟(𝛽𝑝𝑟𝑖𝑐𝑒)]  (4.16) 
 
where 𝛽𝑝𝑟𝑖𝑐𝑒 represents the coefficient for the purchase price attribute and 𝛽𝑋 
represents the coefficient for attribute 𝑋. 
 
4.7.3.2 Estimating the multinomial logit model incorporating 
interactions  
The second model aimed to investigate the influence of participants’ 
preferences for vehicles and driving habits on marginal WTP for EVs and their 
attributes. Specifically, a subgroup analysis was completed, in which 
participants’ preferences for vehicles and driving habits were interacted with 
the purchase price, to investigate the price sensitivity across consumer groups. 
Figure 4.5 presents an overview of the MNL incorporating interactions. 
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Building on Equation 4.5 and 4.6, including interaction terms in the 
representative component of utility leads to the following equation (Hensher, 
Rose & Greene 2005): 
 𝑉𝐸𝑉 = 𝛽1𝑋1 + 𝛽2𝑋1𝑋2  (4.17) 
 
where 𝑋1𝑋2 represents the interaction effect between 𝑋1 and 𝑋2, 𝛽1 represents 
the coefficient associated with attribute 𝑋1 to be estimated and 𝛽2 represents 
the unknown interaction coefficient to be estimated. 
 
The benefit in explanatory power over the baseline model from including the 
interaction terms was tested via a log-likelihood ratio test. The likelihood ratio 
test is a statistical test used to compare the ‘log-likelihood at convergence of 
two models’ (Hensher, Rose & Greene 2005, p. 495). Specifically, the 
likelihood of the reference or base model is compared to the log-likelihood of 
the expanded model which includes additional explanatory variables as 
follows: 
𝐿𝐿 𝑟𝑎𝑡𝑖𝑜 𝑡𝑒𝑠𝑡 = −2(𝐿𝐿𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 − 𝐿𝐿𝑢𝑛𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 )                  (4.18) 
~𝑥2(difference in the number of parameters estimated between the two models)  
 
 
 
 
Figure 4.5: Overview of the MNL incorporating interactions (MNL2) 
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4.7.3.2.1 Calculating willingness to pay 
As the expanded MNL model incorporated the interactions between 
preferences for vehicles and driving habits, the WTP estimates were adjusted 
accordingly. The WTP for MNL2 was calculated by incorporating the significant 
interaction coefficients and the associated percentage of population displaying 
that preference as follows (Hensher, Rose & Greene 2005; Naik-Panvelkar et 
al. 2012):  
 𝑊𝑇𝑃 = −
𝛽𝑋
(𝛽𝑝𝑟𝑖𝑐𝑒+𝛽𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 × % 𝑜𝑓 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝑡ℎ𝑎𝑡 𝑝𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒)
 (4.19) 
 
4.7.3.3 Estimating the hybrid choice model 
In the HCM, the psychological constructs associated with the TPB were 
included within the utility function to combine the SEM with MNL1. Through the 
introduction of psychological constructs, it was possible to determine the 
influence of TPB constructs in explaining consumer adoption of EVs.  
 
The HCM goes beyond DCM in that it allows for the inclusion of both 
observable factors, such as vehicle attributes and sociodemographic 
characteristics, as well as psychological constructs. Implementing this 
modelling framework has the potential to reveal new insights and expand 
knowledge in relation to the Australian decision-making process towards the 
adoption of EVs. HCM also benefits from both the advantages of SEM, and 
the foundation of DCEs, which have been shown to outperform SEMs  (Wang, 
Menictas & Louviere 2007). 
 
As depicted in Figure 4.6, the HCM reflects the proposed conceptual 
framework, consisting of two major components. The first is the observed 
explanatory variables (𝑋) and the second is the latent variables (𝐿) as defined 
by the indicators of latent variables (𝐼). The observed explanatory variables 
and latent variables then determine utility (𝑈) derived by the individual as 
represented by the choice indicators (𝑦). The framework also accommodates  
error terms (𝜀, 𝑣, 𝑤). 
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Figure 4.6: Overview of the HCM framework 
 
As was the case in MNL model specification, the choice component consists 
of both a structural equation and measurement equation. However, instead of 
being defined only by the observed factors, a consumer’s utility associated with 
alternative choices will be influenced by psychological constructs. In line with 
the conceptual model, the observed explanatory variables represent the 
attributes of EV and sociodemographic characteristics, while the latent 
variables are considered the constructs of the TPB. Further, it was proposed 
that attitude, subjective norms, perceived behavioural control and intentions 
are also influenced by observed sociodemographic characteristics such as 
gender, age, income, education and having dependent children. Figure 4.7 
presents the HCM and the conceptual framework. 
  
The rectangular shapes represent the observed variables such as vehicle 
attributes, socio-demographics and psychological indicators. The unobserved 
latent variables and utility are represented by ovals. The solid arrows show the 
representation of structural equations that have a direct causal link between 
two model components, while the dashed lines represent the measurement 
equations between model components.   
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Figure 4.7: Representation of HCM and the conceptual framework 
 
 
The elements of the TPB are ‘latent’ by nature in that they are unobserved and 
therefore cannot be determined directly. These factors are instead represented 
by indicators. These indicators are derived via measurement items and 
statements associated with views and opinions on EVs, which are used to 
define the psychological or latent variables. The psychological construct are 
influenced by the characteristics of the participant, such as their age, gender 
and income status. 
 
The latent variable model used to represent the TPB also consists of both 
structural and measurement equations. A structural model is used to describe 
the psychological constructs of the TPB, as influenced by observed individual 
characteristics, while a measurement model links the indicators to the latent 
factors. Thus, the HCM framework was represented by two components, a 
DCM represented by equations 4.20 and 4.21 and a SEM as represented by 
equations 4.22 and 4.23.  
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Choice model component: 
 𝑈𝑛𝑗 =  𝛽𝑋𝑛𝑗 +  𝛤𝐿𝑛𝑗 + 𝜀𝑛𝑗   (4.20) 
 
 𝑦𝑛𝑗 {
1  𝑖𝑓  𝑈𝑛𝑗 ≥ 𝑈𝑛𝑗′  𝑓𝑜𝑟 𝑗
′ ∈ {1, . . . , 𝐽}
0  otherwise                                           
  (4.21) 
 
Latent variable model component: 
 𝐿𝑛 = 𝛼𝑋𝑛𝑗 +  𝜑𝐿𝑛𝑗 +  𝑣𝑛𝑗  (4.22) 
 
 𝐼𝑛𝑗 =  𝛾𝐿𝑛𝑗 + 𝑤𝑛𝑗  (4.23) 
 
Based on the assumption of utility maximisation, it is proposed that a decision-
maker (𝑛), when faced with a finite set of mutually exclusive alternatives (j ), 
will choose (𝑦 ), the alternative that provides the greatest utility (𝑈 ).  
 
Further, as per Equation 4.20, the utility associated with each alternative is 
defined by both the observed explanatory variables and the unobserved latent 
variables. The observed variables (𝑋) represent the attributes of the 
alternatives as well as the characteristics of the decision makers, while the 
latent variables represent the constructs of the TPB (L). The unknown 
coefficients of the observed and latent variables are represented by 𝛽 and 𝛤. 
Following the specification of the TPB, the unobserved latent variable will be 
represented by the participants’ intention, as determined by the TPB in the 
latent variable component. The unobservable error component of the utility 
function is represented by 𝜀. The unobserved utility can then be defined by the 
measurement model linking the unobserved utility to selected choice as per 
equation 4.21.  
 
The unobserved latent variables (L), are defined by both the relationships 
among the other latent variables and the influence of observed explanatory 
variables (𝑋) in equation 4.22. The effect of observed variables is represented 
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by the coefficient 𝛼  and the effect of other latent variables is represented by 
the coefficient 𝜑. The error component is represented by 𝑣. 
 
In equation 4.23, the latent variables (L), are measured by a set of indicators 
(𝐼) representing the measurement items of the constructs of the TPB. In this 
equation, 𝛾 represents coefficient associated with the latent variables, and the 
error component is represented by 𝑤. 
 
The joint probability of observing choice and latent variable indicators is 
therefore written as: 
 𝑃(𝑦𝑛, 𝐼𝑛|𝜃) =  ∫ 𝑃(𝑦𝑛 |𝑋𝑛, 𝐿𝑛 ;𝐿𝑛
𝛽, 𝛤, 𝛴𝜀)  ×  
 𝑓𝐼(𝐼𝑛|𝐿𝑛; 𝛾, 𝛴𝑤)𝑓𝐿(𝐿𝑛|𝑋𝑛; 𝛼, 𝜑, 𝛴𝑣)𝑑𝐿𝑛  (4.24) 
 
where 𝜃 represents the full set of model parameters and 𝛴𝜀 , 𝛴𝑤, 𝛴𝑣  represent 
the covariance matrices for the error terms. The first term of the integrand 
corresponds to the choice model. The second and third terms of the integrand 
correspond to the measurement and structural components of the latent 
variable model.  
 
In this study, the choice model and the latent variable model components were 
estimated simultaneously. As stated by Danthurebandara, Vandebroek and Yu 
(2013, p. 247), to estimate a HCM, ‘two prominent estimation methods can be 
found in the literature: sequential and simultaneous approach’. The simplest 
approach is the sequential estimation method, which is a ‘two stage approach 
where the SEM is estimated and then the choice model incorporates the 
estimated factor scores’ (Danthurebandara, Vandebroek & Yu 2013, p. 247). 
The alternative approach is the simultaneous method where the SEM and DCE 
are estimated concurrently (Danthurebandara, Vandebroek & Yu 2013). In this 
research, the HCM was estimated using the SEM software package Mplus 
Version 7.4 (Muthén & Muthén 2015b). Following the work of Link (2015), the 
HCM was estimated using the MLR estimator with Monte Carlo integration. 
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As was the case with the MNL models, the coefficients of the variables were 
reviewed having regard to both their statistical significance and sign. This 
includes the parameters representing the constructs of the TPB, as well as the 
role of sociodemographic factors in the TPB. Finally, the explanatory power of 
the HCM and improvement over the baseline MNL was evaluated in relation to 
ρ², AIC and BIC. 
 
4.7.3.3.1 Support for the use of a hybrid choice model 
The HCM offers superior performance to a simple MNL model in its ability to 
combine latent variables with the MNL. As stated by Vij and Walker (2016, p. 
193), the framework allows for ‘the proper integration of psychometric data 
within existent model framework’s and provide statistical tools with which to 
test complex theories of behaviour, such as the Theory of Interpersonal 
Behaviour (Triandis 1977) and the Theory of Planned Behaviour (Ajzen 1991)’. 
Thus, the HCM enables both the economic and psychological constructs of the 
consumer purchase process to be studied. 
 
The HCM framework has been applied in several domains and shown to 
provide additional insights into the purchase process. In recent years, 
researchers including Bolduc, Boucher and Alvarez-Daziano (2008), Paulssen 
et al. (2014) and Thorhauge, Haustein and Cherchi (2016) have applied a HCM 
within the transport domain. Such research has demonstrated that the HCM 
framework can successfully identify the role that psychological constructs play 
in defining consumer choice behaviour. However, studies that have applied 
HCM frameworks to date have simplified the cognitive theories underlying the 
selection of psychological constructs. Thus, the ability of these models to 
provide insight into the relationship and interaction between constructs, as 
specified in the original cognitive theories, has been limited (Vij & Walker 
2016).   
 
As highlighted by Bamberg and Schmidt (2003, p. 3), a ‘great advantage of 
such more theory-driven models is that they contain precise 
operationalisations of the theoretical constructs and specify the causal 
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processes through which they affect behaviour’. Several researchers have 
also reinforced the benefits of using established behavioural models to 
represent psychological variables. In their work examining the barriers 
inhibiting the adoption of cleaner vehicles in the UK, Lane and Potter (2007, p. 
1086) stated that ‘to more fully understand the importance of the factors 
influencing consumer behaviour, it is instructive to place these factors in 
established social psychological models’. Daziano and Chiew (2012, p. 877) 
reinforced this view by stating that the inclusion of latent constructs needs to 
consider ‘strong relationships that should be based on social psychology 
theories or factual evidence’. 
 
Nevertheless, the HCM has come under recent criticism following the 
discovery that the model can in many cases be reduced to a choice model 
without latent variables and that the reduced model fits the choice data at least 
as well as the original HCM from which it was derived (Vij & Walker 2016). 
Critics including Chorus and Kroesen (2014, p. 218) have argued that ‘there is 
insufficient evidence for the using latent perceptions or attitudes that enter 
HCMs’. However, Vij and Walker (2016) countered this argument, outlining 
four criteria that can be used to justify the use of a HCM: 
• The structure imposed by the ICLV model results in a reduced form 
choice model specification that may not have been considered in the 
absence of latent variables to guide the process of model 
development. 
• The greater insights into the decision-making process offered by the 
ICLV model can be demonstrably used to inform practice and policy in 
unobvious ways that would not be possible using the reduced form 
model. 
• Estimation results from the ICLV model lead the analyst to interpret the 
effect of explanatory variables on choice outcomes differently than the 
reduced form model. Here, the analyst must carefully verify that the 
intention to correct for bias has actually made a difference. 
• The inclusion of additional information in the form of measurement 
indicators produces model outputs, such as demand elasticities and 
market predictions, that have smaller standard errors than 
corresponding outputs from the reduced form model. We leave it to the 
analyst to determine whether a gain in precision is worth the additional 
effort required to develop an ICLV model. (Vij & Walker 2016, p. 215) 
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By incorporating the TPB, the HCM is able to provide ‘greater insights into the 
decision-making process’ that ‘would not be possible using the reduced form 
model’ and thus selected for this research study (Vij & Walker 2016, p. 215).  
4.8 Chapter summary 
This chapter has reviewed the research methodology adopted to test the 
conceptual framework and hypotheses of this study. The chapter covers the 
development of each section of the questionnaire including the choice 
experiment, SEM and HCM. The next section reviews the results obtained in 
the analysis of the conceptual framework. 
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CHAPTER 5. RESULTS AND ANALYSIS 
5.1 Introduction 
The purpose of this chapter is to report the results obtained in the analysis of 
the conceptual framework. The chapter is divided into four sections beginning 
by presenting the results of pilot study one and pilot study two in Sections 5.2 
and 5.3. Section 5.4 presents the analysis of the results of the main study 
including the data preparation, preliminary analyses and estimation of the TPB, 
MNL and HCM. The chapter then presents the hypotheses testing results in 
Section 5.5. 
 
5.2 Pilot study one 
The objective of pilot study one was to collect information on participants’ 
responses regarding the features of EVs, to support the selection of attributes 
used in the choice experiment. Specifically, participants were required to 
provide information as follows: 
• Characteristics: their sociodemographic characteristics. 
• Motivation for adoption: how appealing they find the features of EVs. 
• Barriers towards adoption: their concerns with the features of EVs. 
 
Participants for the study were recruited by a third-party market research 
company, SSI. Participants were identified from SSI’s online database and via 
email, invited to complete the questionnaire. Minimum quota numbers were 
prescribed across two categories, gender and age of participants, to ensure 
there was suitable representation across these demographics from the 
population of interest.  
 
The study was completed during November and December 2015. In total, 65 
participants were invited to complete the questionnaire. Six participants failed 
to complete the questionnaire, resulting in 59 complete responses. 
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Participants who completed pilot study one were also invited to complete pilot 
study two. The results of pilot study one are presented in the following sections. 
5.2.1  Characteristics of respondents 
Sociodemographic information was collected to assess how representative the 
sample population was to that of the population of interest.  
Table 5.1: Characteristics of pilot study one and two participants 
Criteria Sample (n = 59) Australian 
population 
Variation 
Frequency % % % 
Gender 
Male 27 45.8 49.7 –3.9 
Female 32 54.2 50.3 3.9 
Age (years) 
18–24 9 15.3 14.2 1.1 
25–34 13 22.0 19.2 2.8 
35–44 10 16.9 17.9 –1.0 
45–54 12 20.3 17.2 3.1 
55–64 10 16.9 14.8 2.1 
65–74 4 6.8 10.8 –4.0 
75 + 1 1.7 5.9 –4.2 
Highest education level attained 
Year 11 or below 2 3.4 26.7 –23.3 
Year 12 16 27.1 17.0 10.1 
TAFE/Diploma 17 28.8 31.6 –2.8 
Bachelor degree 17 28.8 16.4 12.4 
Master degree or doctorate 7 11.9 8.3 3.6 
Annual family household income (A$) 
< 20,000 10 16.9 6.0 10.9 
20,001–40,000 11 18.6 19.4 –0.8 
40,001–60,000 9 15.3 14.5 0.8 
60,001–80,000 3 5.1 11.6 –6.5 
80,001–100,000 6 10.2 10.2 0.0 
100,001–120,000 6 10.2 8.9 1.3 
120,001–140,000 8 13.6 6.9 6.7 
140,001–160,000 2 3.4 3.0 0.4 
160,001–180,000 1 1.7 6.0 –4.3 
180,000+ 3 5.1 13.5 –8.4 
Location 
NSW/ACT 20 33.9 33.7 0.2 
VIC 16 27.1 24.9 2.2 
TAS 6 10.2 2.2 8.0 
QLD 15 25.4 20.1 5.3 
SA 1 1.7 7.2 –5.5 
WA 0 0.0 10.9 –10.9 
NT 1 1.7 1.0  0.7 
  
Gender, age and location data were sourced from the Australian Bureau of Statistics data (2014a, 
2015a, 2015b). Variation was calculated as the difference between the sample population and the 
Australian population. 
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As outlined in Table 5.1, participants within the sample recorded a higher 
education level than that of the Australian population with only 3 per cent of 
participants having achieved an education level of year 11 or below. This was 
in comparison to 27 per cent of the Australian population who have an 
education level of  year 11 or below (Australian Bureau of Statistics 2014a).  
 
5.2.2 Selection of attributes 
As discussed in the literature review, purchase price, operating costs, driving 
range, environmental performance and vehicle performance have all been 
shown to play key roles in influencing EV adoption. The objective of pilot study 
one was thus to assess the Australian consumer response to the attributes of 
EVs to ensure the most prominent attributes were included in the choice 
experiment.  
 
To test consumers’ responses to EV attributes, participants were presented 
with 11 features of EVs. The participants were then asked to respond to two 
questions. The first question asked participants to rate the appeal of each 
feature on a seven-point measurement scale. Figure 5.1 presents a summary 
of participants’ responses to these attributes. From the figure, it can be seen 
that the potential of an EV to reduce running costs was viewed as the most 
favourable attribute, with 59 per cent of consumers stating that this attribute 
was considered either very or extremely appealing. Reduced emissions were 
considered the second most appealing feature of EVs, with 48 per cent of 
consumers stating this feature was considered either very or extremely 
appealing. The three least appealing features were stated as purchase price, 
driving range and vehicle performance. 
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Figure 5.1: Appeal of EV attributes 
 
The second question asked participants to rate their concern associated with 
each attribute. This question asked participants to respond on a five-point 
measurement scale. As highlighted in Chapter 4, a seven-point scale was 
preferred for TPB measures. However, the decision was made to present this 
question on a five-point scale to align with previous studies measuring 
responses to EV attributes in overseas markets (Helveston et al. 2015; Larson 
et al. 2014).  
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Figure 5.2: Concerns with EV attributes 
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As shown in Figure 5.2, consumers were most concerned with the purchase 
price of vehicles, with 36 per cent stating that they were extremely concerned 
with the purchase price of EVs. Vehicle driving range and vehicle performance 
were considered the second and third most concerning feature, with 29 and 
23 per cent of respondents, respectively, stating that these features were 
extremely concerning.  
 
The results of pilot study one provided support for the inclusion of the following 
five attributes in the choice experiment: 
• purchase price 
• operating costs (total running costs) 
• vehicle driving (or battery) range 
• vehicle emissions 
• vehicle performance. 
 
5.3 Pilot study two 
Before implementation, a pilot study of the main questionnaire was completed 
to ‘improve questions, format, and scale’ of the instrument (Creswell 2013, p. 
161). As per the methodology presented in Chapter 4, participants were invited 
to complete the questionnaire in an identical manner to that of the main 
experiment. Participants who completed pilot study one were invited to 
complete the study, resulting in 59 complete responses. Pilot study two also 
contained a comments box at the conclusion of the questionnaire, where 
participants were able to provide feedback. 
 
Following the recommendations of Spark and Willis (2014), six cognitive 
interviews were also completed. The cognitive interviews provided insight into 
the participant’s interpretations, understanding and thought processes when 
responding to the questionnaire (Collins 2003; Presser et al. 2004). Several 
amendments were made to the final questionnaire as a result of feedback 
provided in the interviews.  
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As outlined in Section 4.5, amendments included the following: 
• EV emissions were expressed as a percentage, relative to petrol-
powered vehicles 
• additional vehicles were presented to participants as examples of 
vehicle size and class, to provide guidance when selecting their 
preferred vehicle size 
• the number of choice scenarios participants would be required to 
answer in the choice experiment was clearly stated. 
 
5.3.1 Analysis of pilot study two 
5.3.1.1 Reliability and validity tests  
As part of the pilot study, the scale reliability of the instrument was examined 
using internal consistency measures. Cronbach’s alpha and item-to-total 
correlation were used to assess the internal consistency of the constructs of 
the TPB, including attitudes, subjective norms, perceived behavioural control 
and intention (Churchill 1979; Cronbach 1951). Although researchers have 
identified the limitations of Cronbach’s alpha, it remains the most widely used 
measure of reliability (Sijtsma 2009). Table 5.2 presents the results of the 
reliability tests for the pilot study. 
 
As can be seen from Table 5.2, Cronbach’s alpha for the attitude measure was 
0.95, which is above the recommended cut-off value of 0.7 (Hair et al. 2010). 
Similarly, perceived behavioural control and intention achieved acceptable 
Cronbach’s alpha scores, of 0.78 and 0.94 respectively. 
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Table 5.2: Reliability of the pilot study 
Item Statement CA CA: if item 
deleted 
Item-to-
total 
Correlation 
Attitude 
I11 For me purchasing an electric vehicle 
would be… bad–good 
0.95 0.93 0.90 
I12 For me purchasing an electric vehicle 
would be…foolish–wise 
 0.93 0.90 
I13 For me purchasing an electric vehicle 
would be… unfavourable–favourable 
 0.94 0.84 
I14 For me purchasing an electric vehicle 
would be…. unpleasant–pleasant 
 0.94 0.82 
I15 For me purchasing an electric vehicle 
would be…. harmful–beneficial 
 0.94 0.84 
Subjective norms 
I21 Public opinion will affect my decision to 
by an electric vehicle 
0.67 0.71 0.19 
I22 My family will raise objections against 
driving an electric vehicle 
 0.64 0.38 
I23 My friends will find it weird that I’m 
driving an electric vehicle 
 0.62 0.43 
I24 Most people who are important to me 
would support that I purchase an 
electric vehicle 
 0.54 0.59 
I25 I believe that many of the people that 
are important to me are considering 
buying an electric vehicle 
 0.56 0.55 
Perceived behavioural control 
I31 If I wanted to I could purchase an 
electric vehicle 
0.78 0.75 0.53 
I32 It is mostly up to me whether I would 
purchase an electric vehicle 
 0.79 0.43 
I33 For me to purchase an electric vehicle 
is easy 
 0.69 0.63 
I34 My freedom to purchase an electric 
vehicle is high 
 0.64 0.74 
Intention 
I41 I have the intention to purchase an 
electric vehicle in the next 1–5 years 
0.94 0.87 0.92 
I42 I expect that I will be purchasing an 
electric vehicle in the next 1–5 years 
 0.89 0.89 
I43 When I purchase my next vehicle, I 
want to buy an electric vehicle 
 0.96 0.80 
 
CA = Cronbach’s alpha 
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Measures of subjective norms failed to achieve a Cronbach’s alpha above 0.7, 
which indicated potential scale reliability issues. Previous research has 
highlighted the potential limitations of the TPB and difficulty in measuring 
subjective norms (Chatzisarantis & Hagger 2007; Courneya & McAuley 1995). 
To test the potential improvement in model performance, the reliability was re-
assessed using only measurement items I24 and I25, which had been 
successfully applied in a number of studies, including that of Bamberg (2003) 
and Bamberg, Ajzen and Schmidt (2003). Calculating the internal consistency 
based on only items I24 and I25 achieved an improved Cronbach’s alpha at 
0.77. This result suggested that these two measures would achieve acceptable 
scale reliability results in the main experiment. The face validity of all items 
was also assessed and following this review it was decided to retain 
measurement items I21, I22 and I23 for the main questionnaire, to be potentially 
removed in the final analysis and modelling.  
 
In addition to Cronbach’s alpha, the item-to-total correlation was calculated. 
The item-to-total correlation examines the extent to which scores from one 
item are related to other items in the scale or factor (Churchill 1979). The item-
to-total correlation values for the measures of attitude and intention were 
consistent, recording values between 0.8 and 0.9. In contrast, both subjective 
norms (I21, I22 and I23) and perceived behavioural control (I31 and I32) contained 
measurement items whose item-to-total correlations were lower than those of 
other measurement items. The low item-to-total correlation indicated that these 
items were flagged for potential removal in the final analysis and modelling 
(Churchill 1979).  
 
5.3.1.2 Pilot multinomial logit model 
As part of pilot study two, a MNL model was estimated to test the application 
of modelling software. The MNL model only considered the role of vehicle 
attributes as a determinant of utility and subsequent observed choice. The 
MNL framework and utility function for the choice of vehicle is presented in 
Figure 5.3. 
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Figure 5.3: Pilot study two: MNL framework 
 
 
The framework presented in Figure 5.3 was defined by the following utility 
function: 
 
𝑈𝐸𝑉 =  𝐴𝑆𝐶𝐸𝑉 + 𝛽𝑃𝑃𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑃𝑟𝑖𝑐𝑒 + 𝛽𝑅𝐶𝑅𝑢𝑛𝑛𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑠 + 𝛽𝑅𝐺𝑅𝑎𝑛𝑔𝑒 +
 𝛽𝐸𝑀𝐸𝑚𝑚𝑖𝑠𝑖𝑜𝑛𝑠 +  𝛽𝑃𝐸𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 + 𝜀  (5.1) 
 
The utility of each alternative was a function of the observed variables, 
alternative specific constant and error term. The observed variables were the 
vehicle attributes including purchase price, running costs, driving range, 
emission and performance. The unknown coefficients associated with each 
attribute that describe the direction and strength of preference for each 
attribute were represented by 𝛽 . The 𝐴𝑆𝐶 was defined as constant specific for 
each of the two alternatives and ε is the error term. 
 
As shown in Table 5.3, purchase price, running costs and emission all 
recorded negative coefficient values. This indicated that an increase in those 
attributes negatively affected the utility associated to shifting towards EVs. In 
contrast, driving range and acceleration time recorded positive coefficient 
values. These results indicated that an increase in those attributes had a 
positive effect on utility. For the coefficient of acceleration time to record a 
positive coefficient was unexpected and counterintuitive. Acceleration time 
was presented as acceleration time from 0 to 100 km/hr, and accompanied by 
the statement that an increase in acceleration time indicated that the vehicle 
Utility
Choice
Vehicle attributes 
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was slower compared to the petrol-powered vehicle. It was therefore expected 
that as the acceleration time of the vehicle increases (i.e. vehicle performance 
is lower), participants would place a lower utility on purchasing an EV. 
 
Model fit was examined by calculating McFadden's ρ², the adjusted ρ², AIC and 
BIC as outlined in Chapter 4. The pilot MNL model was able to achieve an 
adjusted ρ² value of 0.12. Hauber et al. (2016, p. 307) stated that ‘a measure 
from 0.2 to 0.4 can be considered a good model fit’, while Hensher, Rose and 
Greene (2005, p. 338) stated that from their experience, a value of ‘0.3 
represents a decent model fit’, while a value ‘between 0.3 and 0.4 can be 
translated as an R² of between 0.6 and 0.8 for the linear model equivalent’. 
 
Table 5.3: Results of the pilot MNL model 
 MNL  
  Coefficient t-stat p-value 
Vehicle attributes       
Purchase price –0.064 –9.005 0.000 
Total running costs –0.140 –3.191 0.001 
Driving range 0.002 2.902 0.004 
CO2 emissions –0.001 –0.180 0.857 
Acceleration time 0.005 0.078 0.938 
Constants       
EV1 3.707 3.847 0.000 
EV2 3.476 3.620 0.000 
Model fit indices    
Sample size 59   
Number of observations 531   
Number of parameters 7   
Null log-likelihood –583   
Final log-likelihood –508   
ρ² 0.130   
AIC 1,030   
BIC 1,060   
Adjusted ρ² 0.118   
 
It is important to note that the small sample size of 59 participants, from which 
the MNL was estimated, is below the minimum sample size recommendations 
for MNL. The small sample size provides a potential explanation for the 
insignificant parameter estimates. Further, orthogonality was not maintained 
across the 16 possible choice profiles. Nevertheless, the aim of the pilot study 
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was to test the usability, function and application of the questionnaire, which 
was achieved.  
 
5.4 Main experiment 
Following the development of the questionnaire, the main experiment was 
completed. The main experiment was designed to test the hypotheses of the 
conceptual framework and associated HCM. It was completed between March 
and April 2016 using the same methods as the pilot study, where panel 
members from SSI were invited by email to complete the questionnaire. The 
following subsection presents the data preparation and preliminary analysis of 
results, before presenting the analysis of the estimated MNL and HCM. 
 
5.4.1 Data preparation and preliminary analysis 
Preliminary data preparation and data screening were completed to ensure the 
data were suitable for SEM, MNL and HCM estimation and analysis. Data 
screening included the assessment of statistical assumptions such as missing 
data, outliers and normality (Bagozzi & Yi 2012). The screening checks and 
data analysis was predominantly completed using Mplus (Muthén & Muthén 
2015b), with the statistical package SPSS used to calculate some statistical 
tests such as the Cronbach’s alpha, Kolmogorov-Smirnov and Shapiro-Wilk 
tests. 
 
5.4.1.1 Data collection and entry 
As outlined in the methodology in Chapter 4, the online questionnaire was 
administered by SSI. The research study was aimed at the population of 
interest, being Australian adults, aged 18 and over, who own and/or may 
purchase a motor vehicle. Although other studies on the Australian consumer 
have focused on specific populations, such as Brisbane (Dini & Washington 
2016) or Western Australia (Jabeen et al. 2012), this study obtained a sample 
comparable to the demographics of the Australian population. As a result, this 
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study provides results that are more representative of the entire Australian 
population. 
 
Following data collection, the first stage of the analysis process was to ensure 
no coding or recoding errors were present (Bagozzi & Yi 2012). The data entry 
and coding process was completed as follows: 
• variables were downloaded and labelled from the Qualtrics platform 
• responses were checked for blank, missing or duplicate entries 
• responses were inspected for any inaccurate responses that were not 
appropriate, such as negative values for age or income. 
 
In total, 614 participants completed the questionnaire, with 54 participants 
removed during the screening process. Following a comprehensive data 
integrity and screening process, the final sample size was reduced to 560 
participants.  
 
Data were reviewed and screened according to the following criteria: 
•  A self-report measure of response quality: Participants were 
required to provide feedback on the accuracy of their responses. They 
were required to state if their responses should be used in the study. In 
total, 36 participants stated that their data should not be used and were 
subsequently excluded. 
• Inclusion of a bogus question: As outlined in Section 4.6, a bogus 
item was included to detect careless responses, following the 
recommendations of Meade and Craig (2012). The bogus item was 
intended to determine if participants were interpreting and responding 
to questions correctly and required participants to leave the response 
comment box blank. Two participants did not answer the question 
correctly and their responses were excluded. 
• Completion time: Response time was reviewed to identify participants 
completing the questionnaire incorrectly. An absolute minimum cut-off 
limit was specified at a response time of 3 minutes and 30 seconds. 
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This cut-off time was derived based on SSI procedures and calculated 
as one-third of the mean response time from the participants of pilot 
study. The mean completion time of the pilot study was 10 minutes and 
46 seconds, which was also in line with results from Louviere et al. 
(2013) for an experimental design with similar constructs. The cut-off 
time was also in line with the minimum time set by Bansback et al. 
(2014), who specified a minimum cut-off time of three minutes in their 
study investigating choice experiment design. In total, 13 participants 
completed the questionnaire in less than the cut-off time and were thus 
excluded from the subsequent analysis. 
• Invalid responses: Questions were also reviewed for incorrect data or 
responses that did not match the question. Two participants provided 
incorrect responses, including incorrectly responding to the 
demographic questions and were removed from the analysis. 
• Missing data: Finally, the data were reviewed for missing data. Only 
one questionnaire contained missing data in the questionnaire and were 
subsequently removed from the analysis. The questionnaire 
incorporated a check for missing items, requiring respondents to 
answer a choice experiment question before moving onto the next 
question. However, questions recording participants’ age and income 
did not force participants to respond to the question before moving to 
the following section. 
 
To maintain the orthogonality of the design, an additional four participants were 
asked to compete the questionnaire to ensure even distribution across choice 
profiles. The final sample size was 560 valid and complete questionnaires. In 
line with the methodology, the 560 participants were randomly assigned to one 
of 16 possible choice profiles. The screening process is depicted in Figure 5.4. 
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Figure 5.4: Data screening of main experiment 
 
5.4.1.2 Missing data 
As stated above, only one entry contained missing data, which was in the form 
of missing responses to age and income questions. As this was the only 
missing entry, the data were deemed to be missing at random and the entries 
were removed from the analysis (Allison 2003; Tabachnick & Fidell 2007). 
Removal was considered appropriate given the small and random nature of 
the entry. Removal would not lead to bias in parameter estimates and the 
standard error estimates would remain approximately unbiased estimates of 
the true standard errors (Allison 2003). If the number of responses containing 
missing data had been more prominent, further analysis would have been 
undertaken to test the nature of the missing entries, such as whether data were 
missing at random, or missing completely at random (Allison 2003).  
 
Invitation to participate from SSI 
March 2016 to April 2016 
Completed the questionnaire 
n = 610 
Screened 
participants 
n = 54 
Self-report 
measures 
n = 36 
Bogus question 
n = 2 
Completion 
time 
n = 13 
Invalid 
responses 
n = 2 
Missing data 
n = 1 
Final completed questionnaires 
n = 560 
Additional participants required to ensure 
even distribution across choice sets 
n = 4 
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5.4.1.3 Outlier analysis 
Data were reviewed for the presence of both univariate outliers, defined as an 
unlikely or extreme value of one variable, and multivariate outliers, defined as 
extreme or unlikely values of a combination of variables. 
 
To ensure no univariate outliers were present across the demographics of 
responses, both the age and income levels of participants were reviewed. 
Although graphical methods such as scatter and box plots can be used, this 
analysis reviewed the z-scores of the variables (Aguinis, Gottfredson & Joo 
2013). Hair et al. (2010) provided guidance that standardised values 
exceeding 2.5 for small samples of 80 or less, are potential outliers, while for 
large sample sizes, this value increases to 4.0. Tabachnick and Fidell (2007) 
also provided guidance, defining outliers as those with standard z-scores in 
excess of 3.29 (p<0.001). No univariate outliers were identified following these 
recommendations and guidelines. 
 
Responses to the 17 TPB measurement items and statements were also 
tested for the presence of multivariate outliers by comparing the ratio of 
Mahalanobis distance to the chi-square statistic with degrees of freedom equal 
to the number of variables in the analysis (Tabachnick & Fidell 2007). Hair et 
al. (2010) also provided guidance stating that the ratio of Mahalanobis distance 
to the degrees of freedom (D²/df) should not be more than 3 or 4 in large 
samples. Both Hair et al. (2010) and Tabachnick and Fidell (2007) stated that 
a very conservative statistical test (p <0.001) should be used to determine 
outliers. Among the responses, 28 observations were identified as potential 
outliers when comparing to the required chi-square critical value (χ²= 40.790; 
n = 17, p < .001). Each of these responses was reviewed to ensure that the 
resulting data were valid. The Mahalanobis distance between potential outliers 
and non-outliers was small and thus it was deemed that these responses 
would not influence the analysis. The ratio of D²/df ratio exceeded 4 in only 
one instance. Table 5.4 reports the Mahalanobis distance and ratio to degrees 
of freedom of the 28 responses. 
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Table 5.4: Mahalanobis distance 
Observation number Mahalanobise D² D²/df 
129 71.86 4.23 
19 66.07 3.89 
5 61.10 3.59 
26 60.04 3.53 
1 58.63 3.45 
2 56.50 3.32 
3 56.41 3.32 
4 55.50 3.26 
6 51.98 3.06 
31 50.12 2.95 
327 49.79 2.93 
15 48.36 2.84 
25 47.99 2.82 
8 46.72 2.75 
18 46.62 2.74 
7 46.18 2.72 
9 43.78 2.58 
10 43.53 2.56 
16 43.42 2.55 
11 43.33 2.55 
12 43.26 2.54 
48 43.24 2.54 
20 43.21 2.54 
29 42.77 2.52 
21 42.58 2.50 
14 42.25 2.49 
13 41.98 2.47 
17 41.50 2.44 
 
5.4.1.4 Test of normality 
As part of the data screening process, univariate and multivariate normality 
was assessed. All 17 measures of the TPB constructs were examined for 
normality according to the skewness and kurtosis of each variable. Table 5.5 
presents the results for the mean, standard deviation, skewness and kurtosis 
estimated for each of the measures. 
 
As can be seen from Table 5.5, the skewness values range from –0.57 to 0.15, 
and kurtosis values from –0.84 to 0.49. Values of skewness and kurtosis less 
than 1.0 indicate slight non-normality (Lei & Lomax 2005). 
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In addition to the skewness and kurtosis, the Kolmogorov–Smirnov and 
Shapiro–Wilk test statistics were calculated, with results presented in Table 
5.6. As can be seen in the table, no variable recorded a p-value greater than 
0.05. This indicates that the null hypothesis can be rejected and that the data 
are significantly different from normal (Shapiro 1985; Steinskog, Tjøtheim & 
Kvamstø 2007). 
 
To determine whether multivariate normality was achieved, Mardia’s 
coefficient was calculated  and a value of 109.17 (normalised = 50.820) was 
recorded, which indicates significant multivariate non-normality (Mardia 1970, 
1974). Ullman (2006) recommended that normalised coefficients greater than 
3 are indicative of non-normality. To accommodate non-normal data, models 
were estimated in Mplus using maximum likelihood estimation with standard 
errors, that are robust to non-normality (Muthén & Muthén 2015a). 
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Table 5.5: Descriptive statistics of the responses to TPB items 
Item Statement Mean SD Skewness Kurtosis 
Attitude       
I11 For me purchasing an electric 
vehicle would be… bad–good 
4.38 1.40 –0.32 –0.14 
I12 For me purchasing an electric 
vehicle would be…foolish–wise 
4.30 1.38 –0.21 –0.15 
I13 For me purchasing an electric 
vehicle would be… unfavourable– 
favourable 
4.18 1.46 –0.20 –0.50 
I14 For me purchasing an electric 
vehicle would be…. unpleasant–
pleasant 
4.49 1.32 –0.35 0.38 
I15 For me purchasing an electric 
vehicle would be…. harmful–
beneficial 
4.85 1.24 –0.37 0.49 
Subjective norms       
I21 Public opinion will affect my 
decision to by an electric vehicle 
3.54 1.56 0.08 –0.69 
I22 My family will raise objections 
against driving an electric vehicle 
3.93 1.40 0.06 –0.45 
I23 My friends will find it weird that I’m 
driving an electric vehicle 
4.17 1.45 –0.06 –0.30 
I24 Most people who are important to 
me would support that I purchase 
an electric vehicle 
4.42 1.42 –0.37 –0.16 
I25 I believe that many of the people 
that are important to me are 
considering buying electric 
vehicles 
4.50 1.53 0.14 –0.58 
Perceived behavioural control       
I31 If I wanted I could purchase an 
electric vehicle 
4.85 1.59 –0.49 –0.45 
I32 It is mostly up to me whether I 
would purchase an electric vehicle 
5.06 1.49 –0.57 –0.18 
I33 For me to purchase an electric 
vehicle is easy 
4.67 1.55 0.03 –0.68 
I34 My freedom to purchase an 
electric vehicle is high 
4.26 1.60 –0.25 –0.58 
Intention       
I41 I have the intention to purchase an 
electric vehicle in the next 1-5 
years 
3.48 1.60 0.03 –0.80 
I42 I expect that I will be purchasing 
an electric vehicle in the next 1-5 
years 
3.44 1.65 0.06 –0.84 
I43 When I purchase my next vehicle, 
I want to buy an electric vehicle 
3.28 1.60 0.15 –0.58 
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Table 5.6: Test of normality 
  
Kolmogorov–
Smirnov 
Shapiro–Wilk 
  
Statistic 
p-
value 
Statistic 
p-
value 
Attitude 
I11 For me purchasing an electric vehicle 
would be… bad–good 
0.171 0.000 0.941 0.000 
I12 For me purchasing an electric vehicle 
would be…foolish–wise 
0.169 0.000 0.945 0.000 
I13 For me purchasing an electric vehicle 
would be… unfavourable–favourable 
0.153 0.000 0.948 0.000 
I14 For me purchasing an electric vehicle 
would be…. unpleasant–pleasant 
0.205 0.000 0.919 0.000 
I15 For me purchasing an electric vehicle 
would be…. harmful–beneficial 
0.179 0.000 0.909 0.000 
Subjective norms 
I21 Public opinion will affect my decision to 
by an electric vehicle 
0.191 0.000 0.934 0.000 
I22 My family will raise objections against 
driving an electric vehicle 
0.196 0.000 0.933 0.000 
I23 My friends will find it weird that I’m driving 
an electric vehicle 
0.201 0.000 0.935 0.000 
I24 Most people who are important to me 
would support that I purchase an electric 
vehicle 
0.192 0.000 0.929 0.000 
I25 I believe that many of the people that are 
important to me are considering buying 
electric vehicles 
0.190 0.000 0.934 0.000 
Perceived behavioural control 
I31 If I wanted to I could purchase an electric 
vehicle 
0.160 0.000 0.927 0.000 
I32 It is mostly up to me whether I would 
purchase an electric vehicle 
0.183 0.000 0.913 0.000 
I33 For me to purchase an electric vehicle is 
easy 
0.163 0.000 0.945 0.000 
I34 My freedom to purchase an electric 
vehicle is high 
0.167 0.000 0.941 0.000 
Intention 
I41 I have the intention to purchase an 
electric vehicle in the next 1–5 years 
0.195 0.000 0.929 0.000 
I42 I expect that I will be purchasing an 
electric vehicle in the next 1–5 years 
0.197 0.000 0.924 0.000 
I43 When I purchase my next vehicle, I want 
to buy an electric vehicle 
0.182 0.000 0.932 0.000 
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5.4.1.5 Multicollinearity 
To check for multicollinearity, both the tolerance and its inverse, the VIF, were 
calculated. Rules of thumb have suggested that VIF results above 10, or 
tolerance levels below 0.1, provide an indication of serious multicollinearity 
(Hair et al. 2010). As can be seen in Table 5.7, the VIF value among the 
different correlations of constructs did not exceed the score of 10, indicating 
that multicollinearity conditions were satisfied.  
 
Table 5.7: Tests for multicollinearity 
 Dependent variable 
Item Intention as DV Attitude as DV SN as DV PBC as DV 
 Tolerance VIF Tolerance VIF Tolerance VIF Tolerance VIF 
Attitude 0.65 1.54 – – 0.41 2.44 0.21 4.69 
SN 0.19 5.27 0.13 7.63 – – 0.13 7.71 
PBC 0.28 4.41 0.65 1.54 0.66 1.51 – – 
Intention – – 0.13 7.60 0.34 2.90 0.12 8.09 
 
DV = dependent variable; SN = subjective norms; PBC = perceived behavioural control. 
 
5.4.1.6 Linearity and homoscedasticity 
As a final pre-screening check, both the linearity and homoscedasticity of TPB 
measures were assessed. The linearity of the data was assessed by 
examining scatter plots of the measures. No nonlinear patterns were identified, 
supporting the linearity assumption. Homoscedasticity was reviewed by 
examining the scatter plots of the residuals and the distribution of points in 
relation to the reference fit line. There was an even distribution of points across 
the reference fit line, with no coning or bowing present (Hair et al. 2010; 
Tabachnick & Fidell 2007). 
 
5.4.2 Characteristics of respondents 
The following subsections present the characteristics of respondents who 
completed the main study. 
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5.4.2.1 Sociodemographic characteristics  
The sociodemographic characteristics of participants was reviewed to ensure 
the sample population was representative of the population of interest, being 
Australian adults, aged 18 and over, who own and/or may purchase a motor 
vehicle. The main experiment involved 560 participants. As can be seen from 
results in Table 5.8, 50.5 per cent of the participants were male and the 
remaining 49.5 per cent female. The income and location distribution of 
participants across the states and territories was also consistent with that of 
the Australian population (Australian Bureau of Statistics 2015a, 2015b). The 
age distribution of participants in the sample also mirrored that of the Australian 
population, with similar proportions of participants across each age group. The 
only deviation from that of the population of interest was that no participants 
were aged over 75. Given that this age group makes up only 6 per cent of the 
entire population in Australia and has the lowest licence ownership rates 
(RACV 2015), this deviation had no material effect on the generalisability of 
results to the wider Australian population. 
 
However, participants in the main experiment were slightly more educated 
than the Australian population with over 99 per cent of participants having 
achieved an education level of year 12 or higher, compared with 73 per cent 
of the Australian population (Australian Bureau of Statistics 2014a). It is 
important to note that the Australian population data sourced from the 
Australian Bureau of Statistics include statistics for person aged 15 and above 
and includes students and provides a possible explanation for the discrepancy 
in education levels between the sample and the wider population. The sample 
was also slightly skewed towards participants with a tertiary education, with 33 
per cent of participants having a bachelor degree in comparison to the 16 per 
cent of the Australian population. Previous research has highlighted that the 
internet population may differ from the general population (Bonnichsen & 
Olsen 2016; Evans & Mathur 2005). Further, as discussed in Chapter 2, 
education has been considered a key determinant of EV interest and adoption. 
Nevertheless, the sample population was consistent with the population of 
interest across age, income and gender.  
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Table 5.8: Descriptive characteristics of the main experiment 
participants 
Criteria Sample (n = 560) Australian 
population 
Variation 
Frequency % %  % 
Gender       
 
Male 283 50.5 49.7 0.8 
Female 277 49.5 50.3 –0.8 
Age (years)     
18–24 84 15.0 14.2 0.8 
25–34 114 20.4 19.2 1.2 
35–44 106 18.9 17.9 1.0 
45–54 107 19.1 17.2 1.9 
55–64 80 14.3 14.8 –0.5 
65–74 69 12.3 10.8 1.5 
75 + 0 0.0 5.9 –5.9 
Highest education level attained 
Year 11 or below 5 0.9 26.7 –25.8 
Year 12 144 25.7 17.0 8.7 
TAFE/Diploma 170 30.4 31.6 –1.2 
Bachelor degree 186 33.2 16.4 16.8 
Master degree or doctorate 55 9.8 8.3 1.5 
Annual family household income ($A) 
< 20,000 49  8.8 6.0 2.8 
20,001–40,000 98  17.5 19.4 –1.9 
40,001–60,000 92  16.4 14.5 1.9 
60,001–80,000 73  13.0 11.6 1.4 
80,001–100,000 64  11.4 10.2 1.2 
100,001–120,000 56  10.0 8.9 1.1 
120,001–140,000 37  6.6 6.9 –0.3 
140,001–160,000 45  8.0 3.0 5.0 
160,001–180,000 10  1.8 6.0 –4.2 
180,000+ 36  6.4 13.5 –7.1 
Location 
NSW/ACT 191 34.1 33.7 0.4 
VIC 141 25.2 24.9 0.3 
TAS 13 2.3 2.2 0.1 
QLD 109 19.5 20.1 –0.6 
SA 38 6.8 7.2 –0.4 
WA 3 0.5 10.9 –10.4 
NT 65 11.6 1.0  10.6 
 
Gender, age and location data were sourced from the Australian Bureau of Statistics data (2014a, 2015a, 
2015b). Variation was calculated as the difference between the sample population and the Australian 
population. 
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5.4.2.2 Preference for vehicles and driving habits  
To complete the questionnaire, participants were required to respond to a 
series of questions to assess their vehicle preferences and their current driving 
habits. The responses to these questions formed the basis of the subgroup 
analysis, to assess the difference in WTP for EVs and their attributes. A 
summary of participants’ preferences for vehicles and driving habits is 
presented in Table 5.9.  
 
Participants within the study had a strong preference for vehicles as a mode 
of transport, relative to the alternative transport choices offered. In total, 79 per 
cent of participants stated that the vehicle (passenger car), was the most 
preferred mode of transport. The majority of participants also stated that they 
reside in multi-vehicle households, with 54 per cent of participants belonging 
to households that own two or more vehicles, while 44 per cent of participants 
reported that they belong to a household that owned only one vehicle. Only 
five participants reported that no member of their household owned a vehicle. 
Participants also travelled a wide range of daily distances, with the average 
being 34 kilometres driven by participants in a day. The majority (75 per cent) 
of participants stated that there were multiple drivers in their household. 
 
Participants were also required to provide feedback on the vehicle size they 
next wished to purchase. In responding to this question, the majority of 
participants stated that they wished to purchase either a small (36 per cent) or 
medium sized vehicle (43 per cent). Only 15 per cent of participants wished to 
purchase a large sized vehicle. The remaining 6 per cent stated they wished 
to purchase vehicles of another size not listed. 
 
The final question asked participants to rate their interest in EVs on a five-point 
Likert-type measurement scale from ‘not interested’ to ‘very interested’. The 
majority of participants stated that they were either ‘slightly interested’ (28 per 
cent) or ‘somewhat interested’ (29 per cent) in EVs. Only 23 per cent stated 
that they were ‘not interested’ in EVs, highlighting the need to further 
understand consumer behaviour towards EVs to improve adoption rates. 
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Participants were treated uniformly, regardless of their interest in EVs. The 
intent of the research was to capture a wholistic representation of the 
Australian population and the lack of interest in EVs is reflected in the subdued 
adoption rates. 
 
Table 5.9: Participants’ preference for vehicles and driving habits 
Category Frequency %  
Preferred mode of transport 
Vehicle (passenger car) 443 79.1 
Bus 19 3.4 
Train 40 7.1 
Walking 37 6.6 
Cycling 8 1.4 
Motorcycle 5 0.9 
Tram 7 1.3 
Other 1 0.2 
Number of drivers in the household 
0 1 0.2 
1 140 25.0 
2 297 53.0 
3 76 13.6 
4 37 6.6 
5+ 9 1.6 
Number of vehicles owned by members of the household 
0 5 0.9 
1 253 45.2 
2 198 35.4 
3 65 11.6 
4 25 4.5 
5+ 14 2.5 
Kilometres driven per day 
Average distance 34.1 N/A  
Standard deviation 27.0 N/A  
Min 0.0 N/A  
Max 183.0 N/A  
Vehicle size preference for next vehicle purchase 
Light/small 202 36.1 
Medium 242 43.2 
Large 81 14.5 
Other (not listed) 35 6.3 
Interest in electric vehicles  
Not interested 128 22.9 
Slightly interested 154 27.5 
Somewhat interested 161 28.8 
Moderately interested 72 12.9 
Very interested 45 8.0 
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5.4.3 Analysis of the Theory of Planned Behaviour 
This section presents an analysis of the TPB model including an assessment 
of the model fit and the reliability and validity of measurement items. By 
assessing the TPB, the research was able to ensure that a valid model was 
included in the HCM.  
 
As per the methodology outlined in Chapter 4, a two-step approach was used 
to assess the TPB as suggested by Anderson and Gerbing (1988). The first 
step of the process involved completing a CFA and estimating a measurement 
model to assess the relationships between indicators and latent variables. The 
second step involved estimating the structural equations and relationships 
within the TPB constructs. This section begins with a review of the 
measurement model, before presenting the results of the structural model.  
  
5.4.3.1 Confirmatory factor analysis  
CFA aims to test the measurement theory, specifying relationships that 
‘suggest how measured variables represent a latent construct that is not 
measured directly’ (Hair et al. 2010, p. 693).  
 
As previously outlined, the questionnaire contained 17 measurement items 
and statements to collect information on the constructs of the TPB. Attitude 
was represented by five items, subjective norms by five items, perceived 
behavioural control by four items and intention by three items. A summary of 
the results of the initial CFA is presented in Table 5.10. 
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Table 5.10: Results of the initial confirmatory factor analysis 
Item Statement SFL t- stat CR CA AVE 
Attitude             
I11 For me purchasing an electric 
vehicle would be… bad–good 
0.92 122.05 0.94 0.93 0.75 
I12 For me purchasing an electric 
vehicle would be…foolish–wise 
0.93 127.51       
I13 For me purchasing an electric 
vehicle would be… 
unfavourable–favourable 
0.95 150.84       
I14 For me purchasing an electric 
vehicle would be…. unpleasant– 
pleasant 
0.82 65.10       
I15 For me purchasing an electric 
vehicle would be…. harmful– 
beneficial 
0.68 45.32       
Subjective norms  
I21 Public opinion will affect my 
decision to by an electric vehicle 
0.04 1.12 0.72 0.60  0.39 
I22 My family will raise objections 
against driving an electric vehicle 
0.61 0.27       
I23 My friends will find it weird that 
I’m driving an electric vehicle 
0.50 17.95       
I24 Most people who are important 
to me would support that I 
purchase an electric vehicle 
0.82 46.68       
I25 I believe that many of the people 
that are important to me are 
considering buying electric 
vehicles 
0.81 51.21       
Perceived behavioural control 
I31 If I wanted to I could purchase an 
electric vehicle 
0.63 30.55 0.82 0.79 0.54 
I32 It is mostly up to me whether I 
would purchase an electric 
vehicle 
0.46 14.72      
I33 For me to purchase an electric 
vehicle is easy 
0.79 41.31      
I34 My freedom to purchase an 
electric vehicle is high 
0.97 42.28       
Intention  
I41 I have the intention to purchase 
an electric vehicle in the next 1–5 
years 
0.93 145.79 0.88 0.94 0.71 
I42 I expect that I will be purchasing 
an electric vehicle in the next 1–5 
years 
0.94 147.60      
I43 When I purchase my next 
vehicle, I want to buy an electric 
vehicle 
0.62 13.89      
 
SFL = standardised factor loading; CA = Cronbach’s alpha; CR = composite reliability   
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Table 5.10: Results of the initial confirmatory factor analysis (continued) 
Model fit statistics           
Measure Acceptance 
level 
Model fit  Reference 
χ²  3,066 
     
df  113 
     
χ²/df <2 27.130 Tabachnick and Fidell (2007) 
p-value >0.05 0.000 Hair et al. (2010) 
CFI ≥0.95 0.898 Hu and Bentler (1998; 1999) 
TLI ≥0.95 0.877 Hu and Bentler (1998; 1999) 
SRMR <0.08 0.100 Hu and Bentler (1998; 1999) 
RMSEA ≤0.06 0.216 Hu and Bentler (1998; 1999) 
lower bound  0.209 
  
   
upper bound   0.223         
 
 
5.4.3.1.1 Measures of attitude 
Attitudes within the TPB model refer to the ‘degree to which a person has a 
favourable or unfavourable evaluation or appraisal of the behaviour in 
question’ (Ajzen 1991, p. 188). Attitudes towards purchasing an EV were 
measured by five items as outlined in Table 5.10. These measures were 
primarily adopted from Bamberg’s (2003) study of environmental concern and 
related behaviours and Bamberg, Ajzen and Schmid’s (2003) study on the 
choice of travel mode.  
 
In reviewing the factor loadings for attitude presented in Table 5.10, it can be 
seen that the first four items achieved acceptable factor loadings above the 
recommended 0.7 cut-off value. However, item I15, which measured 
participants’ response to whether purchasing an EV was either harmful or 
beneficial, recorded a standardised factor loading below the recommended 0.7 
cut-off value and was considered a candidate for removal. 
 
Prior to removing measurement items, consideration was given to the 
minimum number of items required to assess the latent variable model through 
SEM. There has been significant debate on the minimum number of items 
required for SEM. Advocates claim that the use of multiple items is more 
reliable and capable of capturing more information than a single-item measure 
(Anderson & Gerbing 1988; Bergkvist & Rossiter 2007). Opposing views 
Chapter 5                                                                          Results and analysis 
 
176 
 
recommend the use of the most appropriate and fewest items, claiming that 
more than three items is rarely warranted, with one or two items often sufficient 
for SEM (Bergkvist & Rossiter 2007; Hayduk & Littvay 2012). Petrescu (2013) 
provided further support for the use of the smallest number of items, including 
guidance on how single items can be used in CFA.  
 
5.4.3.1.2 Measures of subjective norms 
According to Ajzen (1991, p. 188), subjective norms capture the ‘perceived 
social pressure to perform or not to perform the behaviour’. As presented in 
Table 5.10, this study used five items to measure the subjective norms 
associated with purchasing an EV. In reviewing the results, it can be seen that 
only two items, I24 and I25 achieved acceptable factor loadings above the 
recommended 0.7 cut-off value.  
 
5.4.3.1.3 Measures of perceived behavioural control 
Perceived behavioural control was defined by Ajzen (1991, p. 183) as ‘people’s 
perception of the ease or difficulty of performing the behaviour of interest’. 
Perceived behavioural control in this study was measured by four items as 
outlined in Table 5.10. Items I31 and I32, derived from Nayum, Klöckner and 
Prugsamatz (2013) among other applications, were unable to achieve the 
required factor loadings and were identified as items for potential removal. 
Items I33 and I34 surpassed the cut-off value recommendations and were 
retained for the next model iteration. 
 
5.4.3.1.4 Measures of intention  
As defined by Ajzen (1991, p. 181), ‘intentions are assumed to capture the 
motivational factors that influence a behaviour; they are indications of how 
hard people are willing to try, of how much of an effort they are planning to 
exert, in order to perform the behaviour’. As presented in Table 5.10, this study 
used three items to measure participant intention to purchase an EV. The first 
two measurement items, I41 and I42 were adapted from Bamberg (2003) and 
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Bamberg, Ajzen and Schmidt (2003) and implemented by Elliott, Armitage and 
Baughan (2007) and Fielding, McDonald and Louis (2008). These measures 
were able to achieve acceptable factor loadings above 0.7. The remaining item 
(I43) was derived from Nayum, Klöckner and Prugsamatz (2013) and Chen and 
Chao (2011). This item recorded a low factor loading and was flagged for 
potential removal.  
 
5.4.3.1.5 Model modification 
From the analysis of the initial measurement model, seven items recorded low 
factor loadings and were identified as potential items or removal. Following the 
removal of these items, the revised model was then assessed in relation to 
reliability, validity and model fit. Table 5.11 presents the results of the revised 
model. 
 
5.4.3.1.6 Revised model fit 
As can be seen from the Table 5.11, the revised model achieved acceptable 
model fit results for all criteria, except the p-value for the chi-squared statistic. 
This result was not unexpected, as the chi-square statistic is sensitive to 
sample size (Bentler & Bonett 1980). Given the revised model was able to 
achieve acceptable model fit for all other measures, the model fit was 
considered satisfactory. 
 
5.4.3.2 Construct reliability and validity tests  
Prior to the estimation of the structural model, the validity and reliability of 
measures was assessed. As outlined in Chapter 4, construct validity was 
examined by the measures of convergent, discriminant, nomological and face 
validity.  
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Table 5.11: Results of the revised confirmatory factor analysis 
Item Statement SFL t-stat CR CA AVE 
Attitude             
I11 For me purchasing an 
electric vehicle would be… 
bad–good 
0.92 122.05 0.95 0.93 0.82 
I12 For me purchasing an 
electric vehicle would 
be…foolish–wise 
0.93 127.51 
      
I13 For me purchasing an 
electric vehicle would be… 
unfavourable–favourable 
0.95 150.84 
      
I14 For me purchasing an 
electric vehicle would be…. 
unpleasant–pleasant 
0.82 65.10 
      
Subjective norms 
I24 Most people who are 
important to me would 
support that I purchase an 
electric vehicle 
0.82 46.68 0.80 0.74 0.66 
I25 I believe that many of the 
people that are important to 
me are considering buying 
electric vehicles 
0.81 51.21       
Perceived behavioural control  
I33 For me to purchase an 
electric vehicle is easy 
0.79 41.31 0.88 0.71 0.78 
I34 My freedom to purchase an 
electric vehicle is high 
0.97 42.28       
Intention             
I41 I have the intention to 
purchase an electric vehicle 
in the next 1–5 years 
0.93 145.79 0.93 0.90 0.87 
I42 I expect that I will be 
purchasing an electric 
vehicle in the next 1–5 
years 
0.94 147.60   
 
  
Model fit statistics           
Measure Acceptance 
level 
Model fit  Reference 
χ²  49 
     
df  29 
     
χ²/df <2 1.690 Tabachnick and Fidell (2007) 
p-value >0.05 0.011 Hair et al. (2010) 
CFI ≥0.95 0.999 Hu and Bentler (1998; 1999) 
TLI ≥0.95 0.998 Hu and Bentler (1998; 1999) 
SRMR <0.08 0.019 Hu and Bentler (1998; 1999) 
RMSEA ≤0.06 0.035 Hu and Bentler (1998; 1999) 
lower bound 
 
0.017      
upper bound   0.052         
 
SFL = standardised factor loading; CA = Cronbach’s alpha; CR = composite reliability 
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5.4.3.2.1 Convergent validity 
Convergent validity can be defined as the extent to which indicators of a 
‘specific construct converge or share a high proportion of variance in common’ 
(Hair et al. 2010, p. 709). To determine if convergent validity was met, the 
factor loadings and AVE statistics were reviewed. Hair et al. (2010) provided 
guidance on interpreting the results of factor loading scores, stating that factor 
loadings should be significant and above 0.5 (ideally 0.7) for good model 
performance. Fornell and Larcker (1981) suggested that AVE statistics should 
be above 0.5. In the revised model, all factor loadings were significant and 
above the recommended 0.7 cut-off value. The AVE values were also well 
above the minimum required value of 0.5. 
 
To ensure convergent validity, both Cronbach’s alpha and composite reliability 
were also assessed. As presented in Table 5.11, all measures achieved 
Cronbach’s alpha results above the recommended cut-off value of 0.7 and 
composite reliability scores above 0.7 (Hair et al. 2010). Bagozzi and Yi (1988) 
provided guidance on the assessment of composite reliability, stating that 
measurement items above 0.6 are desirable, and this recommendation was 
met. 
 
5.4.3.2.2 Discriminant validity 
Discriminant validity can be defined as the ‘extent to which a construct is truly 
distinct from other constructs’ (Hair et al. 2010, p. 710). Table 5.12 compares 
the square root of the AVE values to that of the correlation estimates between 
each of the constructs in the model. As the square root of the AVE was higher 
than the correlations between two constructs, discriminant validity was 
demonstrated (Hair et al. 2010). 
  
Chapter 5                                                                          Results and analysis 
 
180 
 
Table 5.12: Revised model: construct correlation matrix  
 AVE Attitude SN PBC Intention 
Attitude 0.82 0.91    
SN 0.66 0.14 0.82   
PBC 0.78 0.26 0.12 0.88  
Intention 0.87 0.80 0.02 0.34 0.94 
 
Diagonal values show the square root of AVE for each construct. SN = subjective norms; PBC = 
perceived behavioural control. 
 
5.4.3.2.3 Nomological validity 
Nomological validity was tested by examining whether the correlations among 
the constructs in a measurement theory were reasonable (Hair et al. 2010). All 
constructs recorded significant and positive correlations with one another and 
thus nomological validity was met. 
 
5.4.3.3 The structural equation model 
Following the completion of the CFA, a SEM was developed and estimated to 
test the relationships between the constructs of the TPB and EV purchase 
intention. An overview of the SEM to test the TPB framework is presented in 
Figure 5.5. 
 
 
 
 
Figure 5.5: Overview of the SEM framework for the TPB 
 
The TPB framework was assessed in relation to the model fit criteria and the 
direction and significance of coefficients. Table 5.13 presents the standardised 
Attitude
Subjective 
norms
Perceived 
behavioural 
control
Intention
(to purchase an 
EV)
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coefficients of the proposed paths between constructs, and their levels of 
significance (t-statistic), as well as model fit measures. 
 
Table 5.13: Results of the structural equation model 
Path 
Standardised 
coefficients 
t-stat p-value 
Intention       
Attitude → Intention 0.788 34.541 0.000 
Subjective norms → Intention 0.113 4.057 0.000 
Perceived behavioural control → 
Intention 
0.121 4.268 0.000 
Model fit statistics           
Measure Acceptance 
level 
Model Fit  Reference 
χ² 
 
49      
df 
 
29      
χ²/df <2 1.690 Tabachnick and Fidell (2007) 
p-value >0.05 0.011 Hair et al. (2010) 
CFI ≥0.95 0.998 Hu and Bentler (1998; 1999) 
TLI ≥0.95 0.998 Hu and Bentler (1998; 1999) 
SRMR <0.08 0.019 Hu and Bentler (1998; 1999) 
RMSEA ≤0.06 0.035 Hu and Bentler (1998; 1999) 
lower bound 
 
0.017     
upper bound   0.052         
Total variance of intention explained by the constructs of the TPB was 67.6 per cent. 
 
5.4.3.3.1 Model fit 
In evaluating the results of the SEM presented in Table 5.13, it can be seen 
that the structural model achieved an acceptable model fit. The results of the 
model fit assessment criteria, including the chi-squared statistic and degrees 
of freedom ratio, (χ²/df), all met the recommended acceptance guidelines. The 
only exception was the chi-squared statistic and p-value. However, this 
measure is sensitive to a large sample size and insufficient p-values can still 
result in well-fitted models (Hair et al. 2010). 
 
In reviewing the results of the model in Table 5.13, it can also be seen that the 
constructs of the TPB all had a positive and significant influence on intention 
to purchase an EV. The standardised coefficients were all positive and 
statistically significant (p < 0.001). It is interesting to note that attitude had the 
strongest influence on intention, relative to the other constructs.  
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5.4.4 Analysis of the discrete choice models 
This section presents the results and analysis of the DCMs. The analysis 
commences with the baseline multinomial logit model (MNL1), which consisted 
of vehicle attributes and sociodemographic characteristics. The analysis then 
extends to the multinomial logit model incorporating interactions with 
participants’ vehicle preferences and driving habits (MNL2). By including the 
interaction terms, the differences in price sensitivity and WTP based on 
participants’ preferences for vehicles and driving habits was assessed. 
Following on from the development and review of the MNL models, the 
advanced HCM was estimated. As outlined earlier, the HCM included not only 
vehicle attributes but also the psychological constructs represented by the 
TPB. Extending the MNL to include psychological constructs was aimed at 
developing a more behaviourally realistic model, with an improved explanatory 
power, providing additional insight into consumer behaviour and the decision-
making process. Both the HCM and MNL models were estimated in Mplus 
using maximum likelihood estimation with robust standard errors, MLR 
(Muthén & Muthén 2015a). The MLR estimator was selected as it is ‘robust to 
non-normality and non-independence of observations’ with robust (Huber-
White) standard errors (Muthén & Muthén 2015a, p. 614). The results of each 
model are presented in the following sections. 
 
5.4.4.1 Overview of consumer choice 
As described in Section 5.4.1.1, 560 participants completed the questionnaire. 
In completing the choice experiment, each participant was required to respond 
to nine choice scenarios. This resulted in 5,040 responses to be used in model 
estimation. 
 
The choice scenarios required participants to select from among two EVs and 
a petrol-powered vehicle, considered the status quo. The EVs were two 
unbranded alternatives defined by five attributes including purchase price, 
operating cost (total running costs), vehicle driving (or battery) range, carbon 
dioxide emission levels and vehicle performance (acceleration time). Purchase 
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price was defined by four possible attribute levels and the remaining attributes 
by three levels. An example of a choice situation is presented in Figure 5.6. 
 
 
Figure 5.6: Choice experiment example 
 
Prior to the estimation and analysis of the choice data, the relative breakdown 
of participants’ responses to each potential choice was reviewed. Table 5.14 
presents the response frequency to each available choice. In total, participants 
selected the conventional petrol-powered vehicle on 58.5 per cent of 
occasions, while an EV was selected on 41.5 per cent of occasions. 
 
Table 5.14: Overview of choice experiment 
Option Available 
Number of 
selections 
Total selections 
%  
Petrol-powered vehicle 5,040  2,948  58.5 
Electric vehicle 1 (EV1) 1,143  22.7 
Electric vehicle 2 (EV2) 949  18.8 
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The sociodemographic characteristics of participants was also collected for 
inclusion in the utility function and model estimation. The sociodemographic 
characteristics and definitions used in the HCM and MNL models are 
presented in Table 5.15. 
 
Table 5.15: Classification of sociodemographic characteristics  
Variable Definition 
Gender Gender of participants (male) 
Age Age of participants in years 
Income Annual family household income represented in $A 
Higher education Education level of participants (having bachelor degree or 
higher) 
Dependent children Family status of participants (having dependent children) 
 
Participants’ vehicle preferences and driving habits were also collected to test 
the difference in price sensitivity and WTP across subgroups. The variables 
and definitions used in capturing preferences and driving habits are presented 
in Table 5.16. 
 
Table 5.16: Classification of vehicle preferences and driving habits 
Variable Definition 
Small Preference for small-sized vehicles  
Medium Preference for medium-sized vehicles 
Large Preference for large-sized vehicles  
Preference for vehicles Preference for vehicles as a mode of transport   
Multi-vehicle Belonging to a household with two or more vehicles  
Low Low vehicle usage (driving less than 25 km per day) 
 
5.4.4.2 The baseline multinomial logit model  
The first model estimated was the baseline multinomial logit model, MNL1. 
This model provided a reference model to assess the improvement in 
explanatory power of the more sophisticated models accommodating 
preference for vehicles, driving habits and the psychological constructs. As 
presented in Figure 5.7, the MNL model included only the directly observable 
variables, being vehicle attributes and the sociodemographic characteristics of 
participants. 
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Figure 5.7: MNL model framework (MNL1) 
 
The utility function associated with the choice of the two alternative electric 
vehicles was specified by the following equation: 
𝑈𝐸𝑉 =  𝐴𝑆𝐶𝐸𝑉 + 𝛽𝑃𝑃𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑃𝑟𝑖𝑐𝑒 + 𝛽𝑅𝐶𝑅𝑢𝑛𝑛𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑠 + 𝛽𝑅𝐺𝑅𝑎𝑛𝑔𝑒 +
 𝛽𝐸𝑀𝐸𝑚𝑚𝑖𝑠𝑖𝑜𝑛𝑠 +  𝛽𝑃𝐸𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 +  𝛽𝑔𝑒𝑛𝑑𝑒𝑟𝐺𝑒𝑛𝑑𝑒𝑟 +
𝛽𝑎𝑔𝑒𝐴𝑔𝑒+ 𝛽𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛+ 𝛽𝐹𝑎𝑚𝑖𝑙𝑦𝑠𝑡𝑎𝑡𝑢𝑠𝐹𝑎𝑚𝑖𝑙𝑦𝑠𝑡𝑎𝑡𝑢𝑠 +
𝛽𝐼𝑛𝑐𝑜𝑚𝑒𝐼𝑛𝑐𝑜𝑚𝑒 + 𝜀     (5.2) 
 
The utility of each alternative was specified as a function of the observed 
variables, alternative specific constant and error term. The observed variables 
were the vehicle attributes and sociodemographic characteristics of 
participants. The vehicle attributes included purchase price, running cost, 
driving range, emissions and performance. The sociodemographic 
characteristics were gender, age, income, education level and family status. 
The unknown coefficients associated with the strength and direction of each 
attribute and demographic characteristic were represented by 𝛽. The 𝐴𝑆𝐶 was 
a constant specific for each of the two alternatives and ε was specified as the 
error term. Table 5.17 presents the coefficient estimates, t-statistic and p-
values for the baseline MNL1 model.  
 
As expected, purchase price, total running costs, acceleration time and 
emissions recorded negative coefficients and were statistically significant at 
the 95 per cent confidence level. These results indicate that an increase in any 
Structural equations
Measurement equations
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Unobserved latent variables
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Choice
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of these attributes, such as greater running costs or slower acceleration time, 
had a negative influence on the utility associated with an EV. In contrast, 
driving range recorded a positive coefficient as expected. This result indicates 
that an increase in reported driving range had a positive influence on consumer 
utility in purchasing an EV, compared to a petrol-powered vehicle.  
 
All demographic characteristics, with the exception of income, were found to 
be significant at the 95 per cent confidence level in influencing consumer 
behaviour towards EVs. First, the gender coefficient was found to be negative 
and significant. This implies that being male had a negative influence on the 
utility associated with purchasing an EV, relative to female participants. 
Similarly, the coefficient for age was negative and significant, implying that 
older consumers have a lower utility associated with EVs. The coefficient 
associated with being highly educated and holding a bachelor degree or higher 
was positive and significant. This implies that consumers who are highly 
educated derive a greater utility from purchasing an EV in comparison to a 
petrol-powered vehicle. Finally, having dependent children was found to have 
a positive and significant influence on utility. This implies that those 
participants with dependent children have a greater utility associated with 
purchasing an EV. Income was found to be insignificant at the 95 per cent 
confidence level in directly influencing utility. 
 
The model recorded a McFadden ρ² value of 0.190 and an adjusted ρ² value 
of 0.188. As stated in Chapter 4, there are currently no definitive criteria as to 
what represents an adequate ρ² value. However, past research has provided 
some commentary on what ρ² value represents a well-fitting model. Hensher, 
Rose and Greene (2005, p. 338) stated that in their experience, a ρ² of ‘0.3 
represents a decent model fit’, Hauber et al. (2016, p. 307) stated that a 
ρ² ‘measure from 0.2 to 0.4 can be considered a good model fit’. Hoyos (2010) 
stated that well-fitted models record a ρ²  value above 0.2. Therefore, although 
the baseline MNL is a solid model, the explanatory power of the model could 
be improved with the inclusion of psychological constructs. 
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Table 5.17: Results of the MNL1 model 
  
Coefficient t-stat 
p-
value 
WTP 
($A) 
WTP($A) – CI 
Lower 
limit 
Upper 
limit 
Vehicle attributes             
Purchase price –0.038 –15.430 0.000       
Total running costs –0.041 –2.612 0.009 –1,078.95  –1,909.27  –248.63  
Driving range 0.002 9.093 0.000 52.63 38.30 66.96 
CO2 emissions –0.006 –3.299 0.001 -157.89  –252.12  –63.67  
Acceleration time –0.058 –2.842 0.004 –1,526.32 –2,653.06  –399.58  
Sociodemographic characteristics 
Gender  –0.264 –4.286 0.000 
   
Age  –0.016 –7.455 0.000 
   
Higher education  0.513 7.852 0.000 
   
Dependent children 0.181 3.281 0.001       
Income –0.001 –1.462 0.144    
Interactions—Preference for vehicles and driving habits  
Small n/a           
Medium n/a      
Large n/a      
Preference for 
vehicles 
n/a 
     
Multi-vehicle n/a      
Low vehicle usage n/a      
Constants             
EV1 1.972 5.338 0.000       
EV2 1.771 4.793 0.000    
Model fit indices             
Sample size 560           
Number of 
observations 5,040      
Number of 
parameters 12      
Null log-likelihood –5,537      
Final log-likelihood –4,486      
ρ² 0.190      
AIC 8,996      
BIC 9,075      
Adjusted ρ² 0.188           
 
CI = Confidence interval calculated using the Delta method (Oehlert 1992)  
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5.4.4.3 The multinomial model incorporating interactions 
The multinomial logit model incorporating interactions terms (MNL2), was 
estimated to assess price sensitivity and differences in marginal WTP for EVs 
and their attributes. As shown in Figure 5.8, the model was able to account for 
systematic heterogeneity among consumers by introducing interaction terms 
between the price parameter and preference for vehicles and driving habits. 
Six interaction terms were included in the utility function to accommodate 
preferences for small, medium and large vehicles, preference for vehicles as 
a mode of transport, belonging to a multi-vehicle household and low vehicle 
usage, defined as driving less than 25 km per day.  
 
 
 
 
 
Figure 5.8: MNL model framework incorporating interactions (MNL2) 
 
 
The utility function associated with the choice of EVs was specified by the 
following equation: 
𝑈𝐸𝑉 =  𝐴𝑆𝐶𝐸𝑉 + 𝛽𝑃𝑃𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑃𝑟𝑖𝑐𝑒 + 𝛽𝑅𝐶𝑅𝑢𝑛𝑛𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑠 +  𝛽𝑅𝐺𝑅𝑎𝑛𝑔𝑒 +
 𝛽𝐸𝑀𝐸𝑚𝑚𝑖𝑠𝑖𝑜𝑛𝑠 +  𝛽𝑃𝐸𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 +  𝛽𝑔𝑒𝑛𝑑𝑒𝑟𝐺𝑒𝑛𝑑𝑒𝑟 +
𝛽𝑎𝑔𝑒𝐴𝑔𝑒+ 𝛽𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 +  𝛽𝐹𝑎𝑚𝑖𝑙𝑦𝑠𝑡𝑎𝑡𝑢𝑠𝐹𝑎𝑚𝑖𝑙𝑦𝑠𝑡𝑎𝑡𝑢𝑠 +
 𝛽𝐼𝑛𝑐𝑜𝑚𝑒𝐼𝑛𝑐𝑜𝑚𝑒 + 𝛽𝑠𝑚𝑎𝑆𝑚𝑎𝑙𝑙 × 𝑃𝑢𝑟ℎ𝑎𝑠𝑒𝑃𝑟𝑖𝑐𝑒 +  𝛽𝑚𝑒𝑑𝑀𝑒𝑑𝑖𝑢𝑚 ×
𝑃𝑢𝑟ℎ𝑎𝑠𝑒𝑃𝑟𝑖𝑐𝑒 +  𝛽𝑙𝑎𝑟𝑔𝑒𝐿𝑎𝑟𝑔𝑒 × 𝑃𝑢𝑟ℎ𝑎𝑠𝑒𝑃𝑟𝑖𝑐𝑒 +  𝛽𝑚𝑢𝑙𝑡𝑖𝑀𝑢𝑙𝑡𝑖𝑣𝑒ℎ𝑖𝑐𝑙𝑒 ×
𝑃𝑢𝑟ℎ𝑎𝑠𝑒𝑃𝑟𝑖𝑐𝑒 +  𝛽𝑝𝑟𝑒𝑓𝑓𝑜𝑟𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠𝑃𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑓𝑜𝑟𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 ×
𝑃𝑢𝑟ℎ𝑎𝑠𝑒𝑃𝑟𝑖𝑐𝑒 +  𝛽𝐿𝑜𝑤𝐿𝑜𝑤 × 𝑃𝑢𝑟ℎ𝑎𝑠𝑒𝑃𝑟𝑖𝑐𝑒 +  𝜀   (5.3) 
Structural equations
Measurement equations
Observed explanatory variables
Unobserved latent variables
Utility
Choice
Vehicle attributes 
Sociodemographic 
characteristics 
Vehicle preferences 
and driving habits 
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The utility of each alternative was specified as a function of the observed 
variables, interaction terms, alternative specific constant and error term. The 
observed variables were the vehicle attributes and sociodemographic 
characteristics of participants. Interaction variables were constructed between 
participants’ preferences for vehicles and purchase price, as well as driving 
habits and purchase price. The unknown coefficients associated with each 
attribute, sociodemographic characteristic and interaction term were 
represented by 𝛽. The 𝐴𝑆𝐶 was a constant specific to each of the two 
alternatives and ε was specified as the error term. The results of MNL2 are 
presented in Table 5.18.  
 
In reviewing the results of MNL2, it was observed that the sign and significance 
of parameters for vehicle attributes was consistent with the baseline model, 
MNL1. All vehicle attributes were found to be statistically significant at the 95 
per cent confidence level. Purchase price, total running cost, carbon dioxide 
emissions and acceleration time all recorded negative coefficients, indicating 
that any increase in these factors adversely affected the consumers’ utility 
associated with purchasing an EV. Driving range, on the other hand, recorded 
a positive value, in line with the results of MNL1. Only two interaction effects 
were found to be significant in the model at the 95 per cent confidence level.  
 
The interaction between price and preferences for large vehicles was found to 
be negative and significant at the 95 per cent confidence level. This result 
indicates that participants who preferred large sized vehicles react differently 
to price changes and place a lower value on the attributes of EVs. In contrast, 
a preference for medium-sized vehicles was only found to be significant at the 
90 per cent confidence level. The interaction between preference for small 
vehicles and price was insignificant. 
 
The interaction between consumers’ preferences for vehicles as a mode of 
transport and purchase price was also found to be statistically significant at the 
95 per cent confidence level. The negative value of the coefficient implies that 
participants who preferred vehicles as a mode of transport were more price 
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sensitive and had a lower marginal WTP for EVs than participants who 
preferred other modes of transport. No statistically significant interaction was 
found between purchase price and belonging to a household with two or more 
vehicles, or being a driver with low vehicle usage (less than 25 km/day).  
 
 
  
Table 5.18: Results of the MNL2 model 
  Coefficient t-stat p-value WTP ($A) 
Vehicle attributes      
Purchase price -0.037 -9.362 0.000   
Total running costs -0.041 -2.601 0.009  -958.62 
Driving range 0.002 9.121 0.000  46.76  
CO2 emissions -0.006 -3.324 0.001  -140.29 
Acceleration time -0.060 -2.846 0.004  -1,402.85 
Sociodemographic characteristics     
Gender  -0.293 -4.576 0.000   
Age  -0.016 -7.285 0.000   
Higher education  0.450 6.732 0.000   
Dependent children 0.264 4.087 0.000   
Income -0.001 -1.338 0.181  
Interactions - Preference for vehicles and driving habits 
Small 0.000 0.052 0.959   
Medium 0.005 1.760 0.078   
Large -0.013 -3.750 0.000   
Multi-vehicle 0.002 1.263 0.207   
Preference for vehicles -0.005 -2.659 0.008  
Low vehicle usage 0.000 0.333 0.739   
Constants 
   
  
EV1 2.020 5.453 0.000   
EV2 1.819 4.911 0.000   
Model fit indices         
Sample size 560       
Number of observations 5,040     
Number of parameters 18     
Null log-likelihood -5,537     
Final log-likelihood -4,449     
Likelihood ratio test  
(critical 𝜒6
2 at 0.99%) 
74.17 
 (16.81)     
ρ² 0.196     
AIC 8,934     
BIC 9,052     
Adjusted ρ² 0.193       
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Extending the baseline MNL to include interaction terms improved the 
explanatory power of the model. Compared with MNL1, the adjusted ρ²  
increased from 0.188 to 0.193 in MNL2, while both the AIC and BIC results 
also decreased. The ρ² result was just below the recommendation of Hoyos 
(2010), who stated a value of 0.2 corresponds to a well-fitted model. 
 
A likelihood ratio test was also completed to assess the performance of the 
expanded MNL models compared with MNL1. The likelihood ratio test provides 
a measure of the fit between the two models. When comparing the log-
likelihood statistic for MNL2 to the baseline MNL1 model, the likelihood ratio 
test produced a result above the required threshold at 99 per cent confidence 
level. The result of the likelihood ratio test illustrates that MNL2 is a statistically 
significant improvement over the baseline MNL1 specification. 
 
5.4.4.4 Willingness to pay 
As outlined in Section 4.7.3, the WTP is the amount of money that ‘individuals 
are willing to forfeit in order to obtain some benefit from the undertaking of 
some specific action or task’ (Hensher, Rose & Greene 2005, p. 357). The 
WTP was calculated across both MLN1 and MNL2.  
 
The WTP was first calculated using the results from MNL1. From the results 
presented in Table 5.17, the WTP was calculated by taking the ratio of the 
estimated coefficient for each attribute and the price coefficient as per the 
following equation (Hensher, Rose & Greene 2005): 
 𝑊𝑇𝑃 = − 
𝛽𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒
𝛽𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑝𝑟𝑖𝑐𝑒
  (5.4) 
 
From the results presented in Table 5.17, it can be seen that the WTP across 
the total population for a change in total running costs is valued at $1,079 
(¢/km). This result indicates that every increase in total running costs, 
measured as cents per kilometre driven, is valued at $1,079. The negative 
value shows that an increase in running costs is seen to detract from the utility 
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associated with EVs and the increase in running costs would need to be offset 
by a decrease in the purchase price of EVs.  
 
Participants’ WTP for an improvement in carbon emissions and acceleration 
time also recorded negative values. Participants across the total population 
valued every gram of improvement in the carbon dioxide emissions associated 
with the vehicle at $158 (g CO2/km), while an improvement in vehicle 
performance and a faster acceleration time was valued at $1,526 (seconds 
from 0 to 100 km/hr).  
 
When examining the results for driving range, the model revealed that 
participants valued a one-kilometre improvement in driving range at $53. The 
positive value indicates that participants were willing to pay $53 for every 
kilometre of improvement in EV driving range. 
 
The WTP estimates for the subgroup analysis were then calculated using the 
results of MNL2. The estimates of WTP for this model were calculated by 
incorporating the significant interaction coefficients, in conjunction with the 
associated percentage of population displaying that preference, as specified 
in the following equation (Hensher, Rose & Greene 2005; Naik-Panvelkar et 
al. 2012): 
 𝑊𝑇𝑃 = −
𝛽𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒
(𝛽𝑝𝑝𝑟𝑖𝑐𝑒+𝛽𝑙𝑎𝑟𝑔𝑒×𝑐𝑜𝑠𝑡× 𝑃1+𝛽𝑝𝑟𝑒𝑓𝑓𝑜𝑟 𝑣ℎ𝑒𝑖𝑙𝑐𝑒×𝑐𝑜𝑠𝑡×𝑃2)
  (5.5) 
 
where P1 is defined as the proportion of participants with a preference for large 
vehicles and P2 refers to the proportion of participants with a preference for 
vehicles as a mode of transport.  
 
As highlighted in Section 5.4.4.3, only two interaction effects were found to be 
significant at the 95 per cent confidence level in MNL2, being preference for 
large vehicles and preference for vehicles as a mode of transport. The 
significant interactions imply that those participants value the attributes of EVs 
differently from the wider population.  
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Table 5.18 shows that all attributes including total running costs, driving range, 
emissions and acceleration time displayed a similar trend to that of the 
baseline MNL model in relation to sign and significance. However, given the 
significant interactions, differences in the marginal WTP across the total 
population for EV attributes were observed.  
 
This model indicated that the total population valued an improvement in 
running costs at $959 (¢/km) for each unit of improvement, a decrease from 
MNL1. Similarly, the value of an improved driving range and emissions 
decreased to $47 (km) and $140 (g CO2/km) respectively. The value 
associated with a faster acceleration time also decreased to $1,403 (per 
second from 0 to 100 km/hr).  
 
Further, given the significant interactions, the WTP across the two subgroups 
was estimated. First, according to this model, a consumer who prefers vehicles 
as a mode of transport valued an increase in running costs at $976 (¢/km). 
Participants with a preference for large vehicles, who placed a lower value on 
an increase in running costs, valued a change in this attribute at $820 (¢/km).  
A summary of the differences in WTP for running costs across the consumer 
subgroups is presented in Figures 5.9. 
 
 
 
Total population marginal WTP as estimated using equation 5.5. 
Figure 5.9: Differences in WTP for running costs across subgroups 
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Second, the differences in WTP for driving range across consumer subgroups 
were also estimated. According to this model, a consumer who prefers 
vehicles as a mode of transport valued an increase in driving range at $48 (per 
km), whereas participants with a preference for large vehicles placed a lower 
value on an improved driving range and valued a change in this attribute at 
$40 (per km). A summary of the differences in WTP for driving range across 
subgroups is presented in Figure 5.10. 
 
 
 
Total population marginal WTP as estimated using equation 5.5. 
Figure 5.10: Differences in WTP for driving range across subgroups 
 
 
Third, a consumer who prefers vehicles as a mode of transport was found to 
value an improvement in emission levels at $143 (per g CO2/km). Participants 
with a preference for large vehicles placed a lower value on an improved 
emission and valued a change in this attribute at $120 (per g CO2/km). A 
summary of the differences in WTP for driving range across subgroups is 
presented in Figure 5.11. 
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Total population marginal WTP as estimated using equation 5.5. 
Figure 5.11: Differences in WTP for emission levels across subgroups 
 
 
Finally, a consumer who prefers vehicles as a mode of transport was found to 
value an improvement in acceleration time at $1,429 (per second from 0 to 100 
km/hr), whereas participants with a preference for large vehicles placed a 
lower value on this attribute and valued a change in this attribute at $1,200 
(per second from 0 to 100 km/hr). A summary of the difference in WTP for 
driving range across subgroups is presented in Figure 5.12. 
 
 
 
Total population marginal WTP as estimated using equation 5.5. 
Figure 5.12: Differences in WTP for acceleration time across subgroups 
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From the results presented in Figures 5.9, 5.10, 5.11 and 5.12, it was observed 
that participants with both a preference for large vehicles and vehicles as a 
mode of transport placed the lowest value on the attributes of EVs. In contrast, 
it was observed that those consumers who did not have a preference for both 
large vehicles and vehicles as a mode of transport placed the highest value on 
attribute performance. 
 
It is also important to note that an attempt was made to estimate the expanded 
HCM framework, including interaction terms. In this model, interaction terms 
between vehicle preferences, driving habits and purchase price were included, 
as was the case with MNL2. However, this model failed find a solution in Mplus 
given the limitations in software and processing power required to estimate the 
complex model. 
 
5.4.4.5 Analysis of the hybrid choice model  
Following the review of the MNL models, the HCM was estimated. The HCM 
included not only vehicle attributes, but also participants’ intention to purchase 
an EV, as represented by the constructs of the TPB. By including psychological 
constructs, a more realistic model of consumer behaviour was developed. The 
HCM provided additional insights into the consumer behaviour and decision-
making process and facilitated investigation of the role of the psychological 
constructs in relation to consumer behaviour towards EVs.  
 
As per the description of the conceptual framework in Chapter 3, the final HCM 
combined the SEM model of the TPB estimated earlier in this chapter with the 
baseline MNL.  In line with the TPB, the conceptual framework proposed that 
a participant’s attitude, subjective norms and perceived behavioural control all 
influence their intention to purchase an EV. Further, it was proposed that 
attitude, subjective norms, perceived behavioural control and intentions are 
influenced by observed sociodemographic characteristics such as gender, 
age, income, education and having dependent children. Moving to the choice 
model, the conceptual framework proposed that the latent utility associated 
with purchasing an EV was determined by the unobservable psychological 
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element of intention and by directly observable sociodemographic 
characteristics and vehicle attributes. Finally, the observed choice was an 
indication of the underlying utility associated with purchasing an EV. The HCM 
framework is presented in Figure 5.13. 
 
 
 
Figure 5.13: HCM framework 
 
In particular, the observed variables are depicted as rectangles and the 
unobservable variables are depicted by ovals. The solid arrows represent the 
proposed causal relationships, while the dashed arrows represent 
measurement equations. The overall utility function associated with the choice 
of the EVs can be specified by the following equation: 
𝑈𝐸𝑉 =  𝐴𝑆𝐶𝐸𝑉 + 𝛽𝑃𝑃𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑃𝑟𝑖𝑐𝑒 + 𝛽𝑅𝐶𝑅𝑢𝑛𝑛𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑠 +  𝛽𝑅𝐺𝑅𝑎𝑛𝑔𝑒 +
 𝛽𝐸𝑀𝐸𝑚𝑚𝑖𝑠𝑖𝑜𝑛𝑠 +  𝛽𝑃𝐸𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 +  𝛽𝑔𝑒𝑛𝑑𝑒𝑟𝐺𝑒𝑛𝑑𝑒𝑟 +
𝛽𝑎𝑔𝑒𝐴𝑔𝑒+ 𝛽𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛+ 𝛽𝐹𝑎𝑚𝑖𝑙𝑦𝑠𝑡𝑎𝑡𝑢𝑠𝐹𝑎𝑚𝑖𝑙𝑦𝑠𝑡𝑎𝑡𝑢𝑠 +
𝛽𝐼𝑛𝑐𝑜𝑚𝑒𝐼𝑛𝑐𝑜𝑚𝑒 +  𝛤𝐼𝑁𝑇𝐼𝑛𝑡𝑒𝑛𝑡𝑖𝑜𝑛 +  𝜀   (5.6) 
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The utility of each alternative was specified as a function of the observed 
variables, latent variables, alternative specific constant and error term. The 
observed variables were the vehicle attributes and sociodemographic 
characteristics of participants. Intention (𝐼𝑛𝑡𝑒𝑛𝑡𝑖𝑜𝑛) was a latent variable as 
defined by attitude, subjective norms and perceived behavioural control. The 
constructs of the TPB were defined by the measures presented in Section 
5.4.3. The unknown coefficients, 𝛽, describe the direction and strength of 
consumers’ preferences for each attribute and sociodemographic 
characteristic. The influence of intention is represented by the unknown 
coefficient, 𝛤. The 𝐴𝑆𝐶 was a constant specific for each of the two alternatives 
and ε was specified as the error term. 
 
The HCM in its entirety, including both the MNL and TPB components was 
estimated simultaneously using Mplus (Muthén & Muthén 2015b). As outlined 
in Chapter 4, the simultaneous method was applied to estimate the HCM, 
where the latent variable and MNL were jointly estimated. Table 5.19 presents 
the parameter estimates, t-statistic and p-values for both the HCM compared 
with MNL1.  
 
As shown in Table 5.19, all attributes of EVs were found to have the expected 
sign of the coefficients in line with MNL1 and were significant at the 95 per cent 
confidence level. As expected, purchase price, total running costs, 
acceleration time and emissions were found to have negative coefficients. 
These results indicate that an increase in any of these attributes negatively 
affects the utility associated with purchasing an EV. On the other hand, driving 
range was found to record a positive coefficient, indicating that an increase in 
reported driving range has a positive influence on utility associated with 
purchasing an EV. 
  
Chapter 5                                                                          Results and analysis 
 
199 
 
Table 5.19: Results of the HCM  
 MNL1 HCM 
  Coefficient t-stat p-value Coefficient t-stat p-value 
Vehicle attributes             
Purchase price –0.038 –15.430 0.000 –0.042 –16.031 0.000 
Total running costs –0.041 –2.612 0.009 –0.045 –2.692 0.007 
Driving range 0.002 9.093 0.000 0.002 9.406 0.000 
CO2 emissions –0.006 –3.299 0.001 –0.006 –3.496 0.000 
Acceleration time –0.060 –2.842 0.004 –0.067 –2.993 0.003 
Sociodemographic characteristics 
Gender  –0.264 –4.286 0.000 –0.456 –6.578 0.000 
Age  –0.016 –7.455 0.000 –0.005 –2.165 0.030 
Higher education  0.513 7.852 0.000 0.243 3.233 0.001 
Dependent children 0.181 3.281 0.001 0.079 1.119 0.263 
Income –0.001 –1.462 0.144 0.001 –0.020 0.984 
Latent variable       
Intention    0.265 22.791 0.000 
Constants       
EV1 1.972 5.338 0.000 2.292 5.610 0.000 
EV2 1.771 4.793 0.000 2.066 5.057 0.000 
Structural model       
Intention       
Attitude → Intention    1.151 48.347 0.000 
SN → Intention    0.870 13.710 0.000 
PBC → Intention    0.187 4.596 0.000 
Attitude       
Gender → Attitude    –0.280 –2.798 0.005 
Age → Attitude    –0.036 –5.943 0.000 
Education → 
Attitude 
   1.193 8.391 0.000 
Dependent children 
→ Attitude 
   0.543 5.269 0.000 
Income → Attitude    –0.004 –3.167 0.002 
Subjective norms       
Gender → SN    0.311 8.053 0.000 
Age → SN    –0.012 –8.201 0.000 
Education → SN    0.328 7.704 0.000 
Dependent children 
→ SN 
   –0.109 –2.730 0.006 
Income → SN    –0.001 –2.156 0.031 
Perceived behavioural control 
Gender → PBC    0.033 0.623 0.533 
Age → PBC    0.003 2.019 0.044 
Education → PBC    0.282 5.027 0.000 
Dependent children 
→ PBC 
   0.022 0.412 0.681 
Income → PBC    0.003 6.590 0.000 
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Table 5.19: Results of the HCM (continued) 
Measurement model             
Attitude             
I11    1.000 999.000 999.000 
I12    1.388 27.571 0.000 
I13    1.420 27.510 0.000 
I14    0.645 27.536 0.000 
Subjective norms       
I24    1.000 999.000 999.000 
I25    1.701 13.752 0.000 
Perceived behavioural control 
I33    1.000 999.000 999.000 
I34    1.301 14.936 0.000 
Intention       
I41    1.000 999.000 999.000 
I42    0.833 28.758 0.000 
Model fit indices       
Sample size 560   560   
Number of 
observations 
5,040   5,040   
Number of parameters 12   31   
Null log-likelihood –5,537   –98,197   
Final log-likelihood –4,486   –75,012   
ρ² 0.190   0.236   
AIC 8,996   150,233   
BIC 9,075   150,911   
Adjusted ρ² 0.188   0.236   
 
SN = subjective norms; PBC = perceived behavioural control. 
 
In regard to demographic characteristics, gender, age and education were 
found to be significant at the 95 per cent confidence level in influencing utility 
associated with purchasing an EV. First, the gender coefficient was found to 
be negative which implies that being male has a negative influence on the 
utility associated with purchasing EVs, with females holding a higher utility. 
Similarly, the coefficient for age was negative, implying that older participants 
had a lower utility associated with EVs. In contrast, the coefficient associated 
with being highly educated (bachelor degree or higher), was positive. This 
implies that those participants who are highly educated derive a higher level of 
utility from purchasing an EV. Having dependent children and income had no 
significant direct effect on utility. 
 
In reviewing the TPB constructs, all sociodemographic factors were found to 
be significant at the 95 per cent confidence level in influencing at least one of 
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the TPB constructs. The results indicate that gender, age and income level are 
negatively associated with attitude towards EVs. This implies that the attitude 
towards EVs is less positive in older participants, higher income earners and 
male participants. In contrast, being highly educated and having dependent 
children had a positive and significant relationship with attitudes towards EVs. 
All sociodemographic characteristics were found to play a significant role in 
influencing subjective norms. Age, income and having dependent children 
were found to have a negative influence on subjective norms. In contrast, being 
male and highly educated was found to have a positive influence on subjective 
norms. Only age, education and income had a significant and positive 
influence on the perceived behavioural control, implying older, male 
consumers with higher incomes and who are highly educated, had a higher 
perceived control over purchasing an EV. 
 
In line with expectations, intention was found to positively influence the utility 
of and the consumer behaviour towards these vehicles. The antecedents of 
the TPB, attitude, subjective norms and perceived behavioural control were 
also found to positively and significantly influence intention at the 95 per cent 
confidence level. This result demonstrates the potential role of psychological 
constructs in contributing to the understanding of behaviour towards EVs. 
 
Finally, when reviewing the expanded model, the results presented in Table 
5.19 demonstrate that the expanded HCM had improved explanatory power 
over that of the simple MNL model. The adjusted ρ² value improved, recording 
a value of 0.236 compared with the 0.188 value achieved in MNL1. This 
represented a 26 per cent improvement and provided support for the inclusion 
of intention and the TPB constructs in modelling consumer behaviour towards 
EVs.  
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5.5 Hypotheses testing 
Following the successful estimation of the HCM, the hypotheses were 
reviewed. In line with the conceptual framework developed in Chapter 3, the 
objective of this research was to improve the understanding of Australian 
consumers’ behaviour towards EVs. To address the research questions, 23 
hypotheses were developed and tested. The results provided full support for 
thirteen hypotheses. Six hypotheses were partially supported and four 
hypotheses were not supported.  
 
The first research question aimed to understand how the Australian consumer 
responds to the attributes of EVs. To address this question, five hypotheses 
were developed, proposing that each of the attributes influence the utility 
associated with purchasing an EV (H1.1, H1.2, H1.3, H1.4 and H1.5). As 
expected, all five hypotheses were supported, with all vehicle attributes having 
the expected sign and a significant influence on consumer behaviour across 
MNL1, MNL2 and the HCM. Across all three models, purchase price, operating 
costs and emissions all recorded negative coefficients, indicating that any 
increase in these attributes is seen as having a negative effect on utility 
associated with purchasing and EV. Acceleration time also recorded a 
negative coefficient, indicating that a faster acceleration time is preferred. In 
line with expectation, an increase in the available driving range of EVs was 
viewed positively by participants and recorded a positive and significant 
coefficient in all three models. 
 
The second research question aimed to understand the relationship between 
the constructs of the TPB and intention to purchase an EV. Accordingly, it was 
hypothesised that there would be a positive relationship between the attitude, 
subjective norms, perceived behavioural control and intention to purchase an 
EV (H2.1, H2.2 and H2.3). These hypotheses were supported by the results of 
the HCM. All constructs were found to have a positive and significant influence 
on intention, with attitude recording the strongest influence of all three 
constructs. 
 
Chapter 5                                                                          Results and analysis 
 
203 
 
To address the third research question, it was hypothesised that intention to 
purchase an EV has a significant role in influencing the utility associated with 
purchase intention (H3.1). The results of the HCM supported this hypothesis. 
As outlined in the previous section, including the TPB also increased the 
explanatory power of the model, as indicated by the improvement in 
McFadden’s adjusted ρ² over that for MNL1. 
 
The fourth research question aimed to investigate the relationship between 
sociodemographic characteristics and Australian consumers’ behaviour 
towards EVs. Specifically, it was hypothesised that gender, age, being highly 
educated, having dependent children and income play a significant role in 
directly influencing the utility associated with purchasing an EV (H4.1, H4.2, 
H4.3, H4.4 and H4.5). The results of MNL1, MNL2 and the HCM showed that 
age and being highly educated were significant in influencing utility (H4.2 and 
H4.3). The hypothesis that consumer gender influences the utility associated 
with purchasing an EV, such that male consumers derive a higher utility was 
not supported (H4.1). While gender and being male were found to significantly 
influence the utility associated with purchasing an EV. The coefficient 
representing gender (male) recorded a negative value across all three models, 
implying that male consumers derive a lower utility from EV purchase, 
compared to females.  
 
The role of dependent children was only found to be significant in directly 
influencing utility associated with EV adoption in MNL1 and MNL2. This 
sociodemographic characteristic was found to be insignificant at the 95 per 
cent confidence level in the HCM. Thus, the hypothesis that family status of 
consumers (dependent children) has a direct influence the utility associated 
with purchasing and EV was only partially supported (H4.4). 
 
The income level of participants was also found to be insignificant in directly 
influencing the utility derived from purchasing an EV in MNL1, MNL2 and the 
HCM. Thus, the hypothesis that income would directly influence the utility 
associated with purchasing and EV was not supported (H4.5). Income was 
however found to be significant in influencing the constructs of the TPB, being 
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attitude, subjective norms and perceived behavioural control and thus has an 
indirect influence on participants’ utility, as described below (H5.5). 
 
The fifth research question aimed to investigate the relationship between 
sociodemographic characteristics of consumers and the constructs of the TPB. 
Accordingly, five hypotheses were proposed, with the position that gender, 
age, being highly educated, having dependent children and income would all 
influence the constructs of the TPB, as tested in the HCM (H5.1, H5.2, H5.3, 
H5.4 and H5.5). First, the role of gender differed between the constructs of the 
TPB and thus the hypothesis that male consumers have a more positive 
attitude, subjective norms and perceived behavioural control associated with 
purchasing an EV was only partially supported (H5.1). Being a male participant 
was found to have significant negative influence on attitude, but a significant 
positive influence on subjective norms. In contrast, being a male consumer 
was not significant in influencing the perceived behavioural control associated 
with purchasing an EV.  
 
The hypothesis that age has a positive influence on the constructs of the TPB 
was also partially supported (H5.2). Age recorded a significant and negative 
influence on attitude and subjective norms. However, age was found to have 
a positive and significant relationship on perceived behavioural control. This 
result implies that younger participants held a more positive attitude towards 
EVs and have more positive support from friends and family than older 
participants in purchasing an EV. However, there was a positive and significant 
relationship between age and perceived control, implying that older 
participants feel more control over the decision to adopt EVs. 
 
The results of the HCM also supported the hypothesis that obtaining higher 
education and having a higher income have a significant and positive influence 
on the constructs of the TPB (H5.3). In the HCM, higher education recorded a 
significant and positive relationship with attitude, subjective norms and 
perceived behavioural control. 
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The hypothesis that family status and having dependent children has a 
significant influence on the constructs of the TPB, such that consumers with 
dependent children have a more positive attitude, subjective norms and 
perceived behavioural control was also partially supported (H5.4). Having 
dependent children was found to have a significant positive influence on 
attitude towards EVs, but a significant negative influence on subjective norms 
associated with purchasing an EV. No significant relationship was recorded 
between having dependent children and perceived behavioural control.  
 
Further, the role of income and the hypothesis that income of consumers has 
a significant influence on the constructs of the TPB, such that consumers with 
a higher income have a more positive attitude, subjective norms and perceived 
behavioural control was only partially supported (H5.5). The results of the HCM 
showed that income was found to be significant in influencing all three 
constructs of the TPB, but increasing income level was only found to be 
positive and significant at increasing the perceived behavioural control. 
Increasing income level was found to have a significant negative influence on 
attitude and subjective norms. 
 
The final research question aimed to test the role of vehicle preference and 
driving habits in influencing WTP and differences across subgroups. Four 
hypotheses were developed to test the role of consumers’ preferences for 
vehicle size, belonging to a multi-vehicle household, preference for vehicles 
as a mode of transport and vehicle usage. Each of these hypotheses was 
tested within the MNL model by interacting the preference variable with the 
purchase price (MNL2).  
 
Review of the results of MNL2 showed that having a preference for large 
vehicles had a significant and negative interaction with purchase price. This 
result provides support for the hypothesis that a consumer’s preference for 
vehicle size moderates the relationship between the utility consumers derive 
from the attributes of EVs and the overall utility of the EV (H6.1). However, 
having a preference for small or medium sized vehicles was not found to have 
a significant interaction with purchase price at the 95 per cent confidence level. 
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Thus, the hypothesis on the role of preference for vehicle size and small 
vehicles was only partially supported and further research is required to 
understand the role of vehicle size in EV adoption.  
 
In contrast, the hypothesis that a consumer’s preference for vehicles as a 
mode of transport moderates the relationship between the utility consumers 
derive from the attributes of EVs such that the WTP for EVs and their attributes 
is lower for consumers with a preference for vehicles as a mode of transport 
was supported (H6.3). The interaction between the preference for vehicles as 
a mode of transport and purchase price was significant. As such, participants 
with a preference for vehicles as a mode of transport were found to place a 
lower value on the attributes of EVs. 
 
Finally, the interaction between belonging to a multi-vehicle household and 
purchase price, and the interaction between vehicle usage and purchase price 
were found to be insignificant. As such, there was insufficient support for 
hypotheses H6.2 and H6.4. Table 5.20 provides a summary of the hypotheses 
testing results. 
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Table 5.20: Hypotheses testing results 
 Hypotheses Result 
RQ1: How does the Australian consumer value the attributes of an EV?  
H1.1 The higher the purchase price, the lower the utility associated with 
purchasing an EV. 
Supported 
H1.2 The higher the operating costs, the lower the utility associated with 
purchasing an EV. 
Supported 
H1.3 The higher the driving range, the higher the utility associated with 
purchasing an EV. 
Supported 
H1.4 The higher the total vehicle emissions generated, the lower the utility 
associated with purchasing an EV. 
Supported 
H1.5 The higher the performance of the vehicle, as defined by a faster 
acceleration time, the higher the utility associated with purchasing an 
EV. 
Supported 
RQ2: What is the relationship between the constructs of the TPB and intention to purchase 
an EV for the Australian consumer? 
H2.1 Positive attitudes towards EVs will have a positive influence on 
purchase intention. 
Supported 
H2.2 Positive subjective norms associated with purchasing an EV, will have 
a positive influence on purchase intention. 
Supported 
H2.3 The stronger the perceived behavioural control over purchasing an EV, 
the greater the purchase intention. 
Supported 
RQ3: What role does intention to purchase an EV, as represented by the 
TPB, play in influencing utility? 
 
H3.1 Positive intentions to purchase an EV will positively influence 
consumer utility associated with purchase. 
Supported 
RQ4: What is the relationship between sociodemographic characteristics and the utility 
associated with purchasing an EV? 
H4.1 The gender of consumers will influence the utility they derive from 
purchasing an EV, such that male consumers derive a higher utility. 
Not 
supported 
H4.2 The age of consumers will influence the utility they derive from 
purchasing an EV, such that younger consumers derive a higher utility. 
Supported 
H4.3 The education level of consumers (tertiary or higher education) will 
influence the utility they derive from purchasing an EV, such that 
consumers with a higher education derive a higher utility.  
Supported 
H4.4 The family status of consumers (dependent children) will influence the 
utility they derive from purchasing an EV, such that consumers with 
dependent children derive a higher utility.  
Partially 
supported 
H4.5 The income of consumers will influence the utility they derive from 
purchasing an EV, such that consumers with higher incomes derive a 
higher utility. 
Not 
supported 
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Table 5-20: Hypotheses testing results (continued) 
 Hypotheses Result 
RQ5: What is the relationship between sociodemographic characteristics and the constructs 
of the TPB for the Australian consumer? 
H5.1 The gender of consumers has a significant influence on the constructs 
of the TPB, such that male consumers have a more positive attitude, 
subjective norms and perceived behavioural control associated with 
purchasing an EV. 
Partially 
supported 
H5.2 Age has a significant influence on the constructs of the TPB, such that 
younger consumers have a more positive attitude, subjective norms 
and perceived behavioural control associated with purchasing an EV. 
Partially 
supported 
H5.3 The education level of consumers (tertiary or higher) has a significant 
influence on the constructs of the TPB, such that consumers with 
higher education level have a more positive attitude, subjective norms 
and perceived behavioural control associated with purchasing an EV. 
Supported 
H5.4 The family status of consumers (having dependent children) has a 
significant influence on the constructs of the TPB, such that consumers 
with dependent children have a more positive attitude, subjective 
norms and perceived behavioural control associated with purchasing 
an EV. 
Partially 
supported 
H5.5 The income of consumers has a significant influence on the constructs 
of the TPB, such that consumers with a higher income have a more 
positive attitude, subjective norms and perceived behavioural control 
associated with purchasing an EV. 
Partially 
supported 
RQ6: What role do vehicle preferences and driving habits play in the WTP for EVs and their 
attributes? 
H6.1 A consumer’s preference for vehicle size moderates the relationship 
between the utility they derive from the attributes of EVs, being price, 
operating cost, driving range, emissions and acceleration time and the 
overall utility of the EV. Thus, the WTP for EVs and their attributes is 
higher for those consumers with a preference for small vehicles. 
Partially 
supported 
H6.2 A consumer’s vehicle ownership moderates the relationship between 
the utility they derive from the attributes of EVs, being price, operating 
cost, driving range, emissions and acceleration time and the overall 
utility of the EV. Thus, the WTP for EVs and their attributes is higher 
for those consumers that belong to multi-vehicle households. 
Not 
supported 
H6.3 A consumer’s preference for vehicles as a mode of transport 
moderates the relationship between the utility they derive from the 
attributes of EVs, being price, operating cost, driving range, emissions 
and acceleration time and the overall utility of the EV. Thus, the WTP 
for EVs and their attributes is lower for those consumers with a 
preference for vehicles as a mode of transport. 
Supported 
H6.4 A consumer’s vehicle usage moderates the relationship between the 
utility they derive from the attributes of EVs, being 
price, operating cost, driving range, emissions and acceleration time 
and the overall utility of the EV. As such, there is an inverse relationship 
between vehicle usage and WTP for EVs and their attributes. 
Not 
supported 
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5.6 Chapter summary 
This chapter presented the results and analysis of the conceptual framework 
and hypotheses proposed in Chapter 3. By estimating the two MNL models 
and an extended HCM, this study was able to add to the knowledge and 
understanding of Australian consumer behaviour associated with EVs. The 
results revealed that purchase price, running costs, emissions, driving range 
and vehicle performance all play key roles in influencing the utility associated 
with purchasing an EV. 
 
Second, it was found that incorporating interactions with price and vehicle 
preferences and driving habits can provide more insightful understanding of 
consumer behaviour. The results demonstrated that preference for a particular 
vehicle size or preference for vehicles as the desired mode of transport, 
influences WTP for the attributes of an EV. 
 
Third, by incorporating the TPB into the MNL and estimating an HCM, the study 
showed that psychological constructs, as represented by the TPB, play an 
important role in determining consumer behaviour towards EVs. As 
hypothesised, a positive attitude, subjective norms and perceived behavioural 
control have a positive influence on intention to purchase an EV. Further, it 
was found that intention has a positive and significant influence on the utility 
associated with purchasing and EV. The HCM was found to display superior 
explanatory power compared with a traditional MNL model. The HCM showed 
a 26 per cent improvement in the recorded ρ² value over that of the baseline 
MNL model.  
 
Discussion of the results, broader implications and limitations of the research 
are presented in the next chapter. 
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CHAPTER 6. DISCUSSION, CONTRIBUTIONS, 
LIMITATIONS AND AREAS FOR FURTHER 
RESEARCH 
6.1 Introduction 
This chapter discusses the results presented in Chapter 5 and their 
significance in the context of the existing body of knowledge. The chapter 
begins by presenting a review of the key findings. The chapter then examines 
both the theoretical and managerial contributions in relation to the research 
objectives. The chapter concludes by presenting the limitations of the thesis 
and suggesting opportunities for further research.  
 
6.2 Discussion of key findings 
6.2.1 Summary of the thesis 
As outlined at the beginning of the thesis, consumer behaviour towards EVs 
has received significant attention over the past four decades, revealing the 
multitude of factors that influence adoption. However, further research was 
required to improve the overall understanding of the decision-making process. 
Research has predominantly focused exclusively on the role of either vehicle 
attributes or psychological constructs (Daziano & Bolduc 2013; Jensen, 
Cherchi & Mabit 2013; Liao, Molin & van Wee 2017; Moons & De Pelsmacker 
2012; Peters & Dütschke 2014; Skippon & Garwood 2011). Only a handful of 
studies have attempted to jointly investigate both variables. In such studies, 
the behavioural theory has often been simplified or focused on a limited 
selection of constructs, such as attitudes towards the environment, vehicle 
features and social forces (Bolduc, Boucher & Alvarez-Daziano 2008; Daziano 
& Bolduc 2013; Kim, Rasouli & Timmermans 2014).  
 
Most research has also been completed in overseas markets, with little 
research undertaken explicitly investigating Australian consumers’ decision-
making processes (Hackbarth & Madlener 2016; Hidrue et al. 2011; Hoen & 
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Koetse 2014; Parsons et al. 2014; Ziegler 2012). Given that Australia has 
considerably lower rates of EV adoption than other developed economies, 
significant knowledge could be gained by specifically investigating EV adoption 
therein. The purpose of this thesis was therefore to extend the current 
knowledge on the adoption of EVs, focusing on the Australian market. 
Specifically, the thesis had four core objectives, to: 
• test how the Australian consumer values the attributes of EVs 
• test how the inclusion of psychological constructs, in combination with 
vehicle attributes, can help explain consumers’ decision-making 
processes in relation to the adoption of EVs 
• integrate the TPB into a DCM of EV adoption 
• test the role of vehicle preferences and driving habits in influencing the 
WTP for EVs and their attributes. 
 
To achieve these objectives, this thesis sought to answer the following six 
research questions: 
• RQ1: How does the Australian consumer value the attributes of an 
EV? 
• RQ2: What is the relationship between the constructs of the TPB and 
intention to purchase an EV for the Australian consumer? 
• RQ3: What role does intention to purchase an EV, as represented by 
the TPB, play in influencing utility? 
• RQ4: What is the relationship between sociodemographic 
characteristics and the utility associated with purchasing an EV? 
• RQ5: What is the relationship between sociodemographic 
characteristics and the constructs of the TPB for the Australian 
consumer? 
• RQ6: What role do vehicle preferences and driving habits play in the 
WTP for EVs and their attributes? 
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To address the research questions, this thesis developed and tested an 
original conceptual framework, examining the role of vehicle attributes in 
conjunction with psychological constructs, as guided by the TPB. The 
conceptual framework was tested by applying HCM through a stated choice 
experiment involving 560 participants. The key findings in relation to each of 
the research questions are discussed in the following sections. 
 
6.2.2 Understanding the value Australian consumers place 
on the attributes of electric vehicles  
As presented in Chapter 2, extensive research has explored the attributes of 
EVs and their role as both motivators and barriers in adoption. However, these 
studies have predominantly focused on overseas markets such as the US, 
Asia and Europe, or on a specific subset of the population (Hackbarth & 
Madlener 2013, 2016; Hoen & Koetse 2014; Jensen, Cherchi & Mabit 2013; 
Link 2015; Parsons et al. 2014; Plötz et al. 2014; Rasouli & Timmermans 2016; 
Ziegler 2012). Further, the value consumers place on attributes has been 
shown to differ across populations and market dynamics (Rasouli & 
Timmermans 2016; Tanaka et al. 2014). Accordingly, the first research 
question aimed to investigate the role of EV attributes in determining the utility 
associated with EV adoption in Australia. Specifically, this thesis tested the 
hypotheses that the utility consumers derive from EVs is influenced by five 
prominent attributes of EVs including purchase price, cost of ownership, 
driving range, environmental performance, measured by CO2 emissions and 
vehicle performance, measured by acceleration time. 
 
This research question and hypotheses were tested through the estimation of 
three models. The baseline MNL1 explored the role of the attributes of EVs 
and sociodemographic characteristics. This model was then extended to 
include the interaction between vehicle preferences, driving habits and 
purchase price (MNL2). Finally, the HCM was estimated, including the 
intention to purchase an EV, as represented by the TPB constructs. From the 
results of all three models, it was clear that all five attributes play a significant 
role in the adoption of EVs, supporting hypotheses H1.1, H1.2, H1.3, H1.4 and 
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H1.5. As expected, an increase in purchase price, running costs and vehicle 
emissions were found to reduce the utility associated with purchasing an EV 
in MNL1, MNL2 and the HCM. Further, the coefficient representing 
acceleration time was negative, indicating that a slower acceleration time was 
unfavourable with consumers and a faster acceleration time was preferred, 
improving the utility associated with adoption. An improvement in the driving 
range of EVs was also viewed favourably by consumers, with a positive 
influence on the utility derived from purchasing EVs.  
 
In this thesis, the first hypothesis proposed that a higher purchase price would 
negatively influence the utility consumers derive from purchasing an EV. The 
significance of purchase price on utility was in line with the abundance of 
literature citing the importance of purchase price in the decision-making 
process (Egbue & Long 2012; Haddadian, Khodayar & Shahidehpour 2015; Li 
et al. 2017; Liao, Molin & van Wee 2017; Sierzchula et al. 2014). To date, 
almost every study on EV adoption has included purchase price in the 
investigation, with the majority emphasising the role of current high purchase 
prices as a barrier to adoption.  
 
Second, the results of this thesis confirmed the hypothesis that participants 
were favourable to vehicles with lower operating costs. The significance of 
operating costs on utility was consistent with past studies emphasising the 
importance consumers place on the potential savings associated with EVs 
(Dumortier et al. 2015; Egbue & Long 2012; Hidrue et al. 2011; Jensen, 
Cherchi & Mabit 2013; Skippon 2014). However, as outlined in literature, the 
potential for EVs to provide lower operating costs remains unclear. Further, it 
remains to be seen if lower operating costs can offset the higher initial 
purchase price of EVs throughout the life of the vehicle, and if so, what the 
operating cost savings must be to stimulate adoption (Dumortier et al. 2015). 
Additional research should be undertaken to definitively outline the operating 
costs of EVs relative to ICE powered vehicles in the Australian market.  
  
Third, the limited driving range of EVs has been stated as one of the key 
barriers towards widespread adoption of EVs (Egbue & Long 2012; Jensen, 
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Cherchi & Mabit 2013; Li et al. 2017; Liao, Molin & van Wee 2017). To date, 
the driving range of EVs has been limited by battery storage capacity, which 
has led to many consumers experiencing ‘range anxiety’ towards the EV 
(Neubauer & Wood 2014, p. 12). The results of this thesis supported the 
importance of driving range in influencing EV adoption. The hypothesis was 
supported as per expectation, with an increase in vehicle driving range found 
to have a significant and positive influence on utility.  
 
Fourth, this thesis hypothesised that a decrease in environmental 
performance, as defined by vehicle emissions, negatively influences the utility 
associated with EV adoption. This hypothesis was supported by the results, 
with all three models finding emissions to be significant in the adoption 
decision. EVs are predominantly promoted for their environmental advantages 
over conventional petrol-powered vehicles, given the potential to produce 
lower emission levels and potential freedom from fossil fuels as a power source 
(Degirmenci & Breitner 2017). A positive association with environmental 
benefits has been supported by a number of studies (Noppers et al. 2014; 
Plötz et al. 2014). However, not all consumers value or support the potential 
environmental improvements of EVs (Graham-Rowe et al. 2012). Graham-
Rowe et al. (2012) found that some consumers prioritised their own personal 
utility above any environmental concerns, focusing on cost, driving range and 
performance attributes. While this thesis found support for the importance of 
the improvement in environmental performance, the benefits of EVs relative to 
ICE powered vehicles remain unclear as outlined in Chapter 2. Research 
should therefore be undertaken to provide more definitive information on the 
performance of EVs compared with ICE powered vehicles in the Australian 
market. Once defined, more accurate information can be provided to 
consumers and further research completed to understand how the Australian 
consumer values environmental performance. 
 
Finally, an improvement in vehicle performance, as represented by a faster 
acceleration time was hypothesised to have a positive effect on the utility 
associated with adoption. The results of this thesis supported this hypothesis, 
with an improved acceleration time found to be significant and to have a 
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positive influence on utility. The role of vehicle performance in EV adoption has 
been supported in the literature, with any improvements in vehicle 
performance, either in acceleration time or power, viewed positively by 
consumers (Achtnicht, Bühler & Hermeling 2012; Axsen, Orlebar & Skippon 
2013; Hidrue et al. 2011; Potoglou & Kanaroglou 2007). EVs have traditionally 
been seen as ‘substandard’ compared with conventional petrol-powered 
vehicles, but the ongoing advancement of EV technology and performance will 
continue to improve adoption rates (Graham-Rowe et al. 2012, p. 145). 
 
Overall, the results of this thesis emphasise the importance of attributes in EV 
adoption, in line with other markets such as the US, Japan, the Netherlands 
and the UK (Hidrue et al. 2011; Hoen & Koetse 2014; Tanaka et al. 2014; 
Ziegler 2012). The results demonstrate that the attributes of purchase price, 
operating costs, driving range, emissions and vehicle performance are all 
important in determining the Australian consumers’ adoption of EVs. However, 
ongoing research is required to ensure the results of this thesis remain relevant 
as EVs become more affordable, technology improves, additional EV models 
become available and adoption rates increase.  
 
6.2.3 The relationship between the constructs of the Theory 
of Planned Behaviour and intention to purchase an 
electric vehicle  
To improve knowledge and understanding of the influence of psychological 
constructs on the decision-making process, the second research question 
aimed to test the relationship between the constructs of the TPB and intention 
to purchase an EV. As outlined in Chapter 2, the TPB is a well-studied research 
framework that has been widely applied to investigate behavioural intention 
across multiple domains; for example, to explain vegetable consumption 
(Menozzi, Sogari & Mora 2015), green purchase intentions (Paul, Modi & Patel 
2016), recycling behaviour (Chan & Bishop 2013) and public transport use 
(Bamberg, Ajzen & Schmidt 2003; Chen & Chao 2011). Pertinent to this thesis, 
the TPB has also been applied on several occasions to explain behaviour 
towards EVs (Degirmenci & Breitner 2017; Haustein & Jensen 2018; 
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Mohamed et al. 2016; Moons & De Pelsmacker 2015). By incorporating the 
TPB into the HCM, the results of this research study support the application of 
the TPB. The outcomes of the TPB and HCM presented in Chapter 5 
demonstrate that three constructs of the TPB had a significant influence on 
intention to purchase an EV in the HCM, supporting hypotheses H2.1, H2.2, 
H2.3. 
 
Of the three constructs, attitude was found to have the strongest influence on 
intention, indicating that personal considerations tend to overshadow the 
influence of perceived social pressure or behavioural control. The importance 
of attitudes was expected as it is considered a salient factor for understanding 
human behaviour and EV adoption (Kaplan et al. 2016; Mohamed et al. 2016; 
Moons & De Pelsmacker 2012; Plötz et al. 2014). For example, Graham-Rowe 
et al. (2012) investigated attitudes and intentions, identifying six potential 
consumer groups with different attitudes towards EVs. Attitudes ranged from 
believing that EVs were substandard compared with conventional petrol-
powered vehicles, to favourable attitudes towards EVs driven by their 
environmental benefits. However, in acknowledging the strength of attitudes, 
consideration must be given to data collection and the context of 
questionnaires, which may influence results. Ajzen (2011) emphasised the 
important role of context as a potential source of influence in participants’ 
responses. Data for this thesis were collected from an online questionnaire, 
with participants potentially completing the questionnaire in isolation and away 
from friends or family. This may have resulted in the strong influence of attitude 
relative to subjective norms and perceived behavioural control. 
 
Although significant, the influence of subjective norms was not as strong as 
that of attitude in influencing intention. The strength of subjective norms has 
been discussed in previous research. In particular, Armitage and Conner 
(2001) completed a meta-analysis of 185 studies involving the TPB and found 
the subjective norms construct to be the weakest predictor of intention 
(Armitage & Conner 2001). A possible explanation for the subdued role of 
subjective norms in this thesis lies in whether or not consumers view vehicles 
for personal consumption. Ajzen and Fishbein (1980, p. 169) suggested that 
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in ‘circumstances where the behaviour in question only concerns personal 
consumption, intention is dominated by attitudinal beliefs and virtually no 
weight is given to subjective norms’.  
 
Moreover, while perceived behavioural control was found to be significant, its 
influence was minor relative to the other constructs. Previous research into the 
Australian consumer and environmental behaviour also found perceived 
behavioural control to play a limited role in predicting intention. In completing 
research into intention towards environmental activism, Fielding, McDonald 
and Louis (2008) found that perceived behavioural control was an insignificant 
predictor of intentions. A possible explanation for the limited role of perceived 
behavioural control in this research lies in knowledge and information about 
the behaviour and whether or not participants believed there was any real or 
perceived barriers to purchasing an EV. Ajzen (1991, p. 184) stated that 
‘perceived behavioural control may not be particularly realistic when a person 
has relatively little information about the behaviour, when requirements or 
available resources have changed, or when new and unfamiliar constructs 
have entered into the situation’. Only 668 EVs were sold in Australia in the year 
of data collection, comprising less than 0.1 per cent of the market 
(ClimateWorks Australia 2017). Thus, it is unlikely participants had either 
experienced or were fully informed about EVs and their attributes. 
 
Further, it is important to note that perceived behavioural control can be 
considered multidimensional. Ajzen (2002) distinguished between two 
elements of perceived behavioural control, outlining the differences between 
self-efficacy and controllability. Kraft et al. (2005) suggested that perceived 
behavioural control consists of three separate but interrelated factors covering 
perceived control, perceived confidence and perceived difficulty. In the final 
HCM in this study, perceived behavioural control was assessed via two 
constructs measuring participants’ views on how easy it would be to purchase 
an EV and their assessment of their freedom to purchase an EV. Future 
research should focus on unpacking the multiple dimensions of perceived 
behavioural control. 
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Overall, the results of this research study supported the proposed hypotheses. 
The findings indicate that attitudes, subjective and perceived behavioural 
control have a positive and significant influence on intention to purchase an 
EV.  
 
6.2.4 The role of intention to purchase an electric vehicle 
The objective of the third research question was to investigate the role of 
intention in influencing the utility associated with purchasing an EV. Prior to 
the completion of this thesis, only a select number of psychological constructs 
had been included in choice models exploring adoption. Chapter 2 discussed 
the complexity of the decision-making process and the need to investigate a 
broader range of psychological constructs, through a robust behavioural 
framework. This thesis was able to address this research gap and answer the 
research questions by including consumers’ intentions to purchase an EV, as 
determined by the constructs of the TPB. Intention indicates a participant’s 
readiness to perform the behaviour and subsequently was hypothesised to 
increase the utility associated with purchasing an EV (Ajzen 1991). From the 
results of the HCM, intention was found to have a significant positive influence 
on consumers’ utility towards purchasing an EV, supporting hypothesis H3.1. 
The inclusion of intention improved the explanatory power of the HCM by 26 
per cent compared with the MNL model.  
 
While the application of intention in a HCM has been limited, the benefits of 
accounting for the TPB in choice models is supported by past research. By 
including the TPB in a HCM to study traffic congestion and departure time 
choice, Thorhauge, Haustein and Cherchi (2016) demonstrated that 
accounting for the TPB significantly improved model estimation. Their HCM 
was found to be superior to both a basic choice model without psychological 
constructs and a model including intention estimated solely by its own indicator 
variables (Thorhauge, Haustein & Cherchi 2016). By demonstrating the 
significant positive role of intentions, this thesis contributes to the growing 
literature on the benefits of including psychological constructs in explaining the 
decision-making process and EV adoption.  
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6.2.5 The relationship between sociodemographic 
characteristics and utility of purchasing an electric 
vehicle 
As explored in Chapter 2, there has been much debate on the role of 
sociodemographic characteristics in the adoption of EVs. Further, while the 
role of sociodemographic characteristics has been shown to differ across 
markets, there is a lack of specific information on Australian consumers. 
Consequently, the fourth research question aimed to investigate the 
relationship between sociodemographic characteristics and the utility 
associated with purchasing an EV. This question focused on the direct role of 
sociodemographic characteristics on utility, while the relationship between 
sociodemographic characteristics and the TPB is discussed in Section 6.2.6. 
 
To address this research question, it was hypothesised that the 
sociodemographic characteristics of age, gender, education, family status and 
income would all influence the utility associated with purchasing an EV. From 
the results of the MNL1, MNL2 and HCM, age and being highly educated were 
found to be statistically significant across all three models, supporting 
hypotheses H4.2, H4.3. Although gender was found to be significant, being 
male was found to have a negative influence on the utility associated with 
purchasing an EV and thus hypothesis H4.1 was not supported. Despite being 
significant in MNL1 and MNL2, having dependent children was not found to be 
significant in the HCM and thus hypothesis H4.4 was only partially supported. 
Contrary to expectation, income was not found to be significant in directly 
influencing utility in any of the three models, failing to support hypothesis H4.5. 
The results of this thesis contribute to the ongoing discussion on the role of  
sociodemographic characteristics in the decision-making process. 
 
First, it was hypothesised that male consumers will derive a higher utility 
associated with purchasing an EV than will female consumers. Contrary to 
expectation, the results of the MNL and HCM indicate that being a male has a 
significant negative relationship with utility. The influence of gender has been 
heavily critiqued. A number of researchers have emphasised the importance 
of gender in explaining differences in decision making (Carley et al. 2013; Kim, 
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Rasouli & Timmermans 2014; Morton, Anable & Nelson 2016b; Potoglou & 
Kanaroglou 2007). In support of the findings of this thesis, Dagsvik et al. (2002) 
found that male consumers in Norway are more sceptical of alternative-fuel 
vehicles compared to females. Jensen, Cherchi and de Dios Ortúzar (2014)  
found that with more experience, female consumers in Denmark held a more 
positive attitude towards EV driving performance. In contrast, Carley et al. 
(2013) reported that male consumers living in large US cities are more 
interested in purchasing EVs than women and Plötz et al. (2014) suggested 
that potential early adopters of EVs in Germany are more likely to be male. 
However, contrary to all of the above, Ziegler (2012) found gender to be 
insignificant in influencing preferences for EVs. The role of gender is far from 
clear and this thesis contributes to the ongoing discussion on the influence of 
gender in the decision-making process towards EV adoption. 
 
Second, it was hypothesised that younger consumers will derive a higher utility 
associated with purchasing an EV, than will older consumers. This thesis 
provided support for this hypothesis and the view that consumers’ ‘propensity 
to buy an EV increases with youth’ (Hidrue et al. 2011, p. 704). Several studies 
have also supported the view that younger consumers are more likely to adopt 
EVs (Hackbarth & Madlener 2013; Hidrue et al. 2011; Ziegler 2012). Hidrue et 
al. (2011) reported that being younger (18 to 35 years) or middle aged (36 to 
55 years), increased consumer orientation towards EVs, while Ziegler (2012) 
found that age had a significant negative effect on EV preferences. Hackbarth 
and Madlener (2013) found that the probability of choosing an electric or hybrid 
vehicle is higher for younger individuals.  
 
Nevertheless, the role of age is not universally agreed upon in the literature. 
Musti and Kockelman (2011, p. 714) stated that ‘younger respondents appear 
less likely to select HEVs, PHEVs, and small cars’. Similarly, the research of 
Plötz et al. (2014) into the behaviour of German consumers towards EVs 
revealed that middle-aged men appear to be the most likely group of private 
EV buyers in Germany. The conflicting results on the role of age highlight the 
heterogeneity across consumers and limitations of relying on 
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sociodemographic characteristics alone to understand the decision-making 
process. 
 
Third, the role of education in EV adoption was tested by the hypothesis that 
consumers with tertiary or higher education levels derive a higher utility from 
EV than do consumers with lower education levels. The results of MNL, MNL2 
and the HCM revealed that being highly educated and holding a bachelor 
degree or higher had a significant positive influence on utility. This result is in 
line with a number of earlier studies, supporting the role of higher education 
being linked to acceptance and adoption of EVs (Achtnicht 2012; Hackbarth & 
Madlener 2013; Hidrue et al. 2011; Kim, Rasouli & Timmermans 2014; Li, 
Chen & Wang 2017). For example, Hidrue et al. (2011) found that higher 
education increased a respondents’ orientation towards EVs. Hackbarth and 
Madlener (2013) provided support for this view finding that the probability of 
purchasing an EV increases with the educational level of consumers. The role 
of education in relation to EVs was also supported by Plötz et al. (2014) who 
found more educated individuals to be more interested in EVs. The importance 
of education is likely to result from these participants having a greater level of 
understanding of the benefits associated with EV adoption. 
 
Fourth, the role of dependent children had a positive association with 
purchasing an EV in MNL1 and MNL2, providing support for the hypothesis 
that consumers with dependent children derive a higher utility. A possible 
explanation for the significance of dependent children in the MNL models, lies 
in the fact that these participants may wish to limit the damage caused to the 
environment by motor vehicles and preserve the environment for future 
generations (Heffner, Kurani & Turrentine 2007).  
 
However, the role of dependent children was found to be insignificant in directly 
influencing the utility associated with EV adoption in the HCM. Earlier research 
across similar domains has also been unable to confirm the role of dependent 
children, including research by Hackbarth and Madlener (2013), who did not 
find any significant relationship between the number of children and EV 
adoption. Further, the importance of children in influencing the decision-
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making process is influenced by the type and size of vehicles available in the 
market. For example, in a study specifically exploring HEVs, Liu (2014) 
suggested that larger families are less likely to choose HEVs as they were 
seen as too small, given that the most popular HEV models available are 
smaller passenger vehicles and not suitable for a large family. At the time of 
data collection, only three EV models were available in the Australian market. 
Further research is required to investigate the role of family status, as the 
number of EVs available in the market increases and a greater number of 
different sized vehicles become available. 
 
Finally, this study was unable to confirm any direct relationship between 
income and utility associated with purchasing an EV. Income was found to be 
insignificant in directly influencing the utility associated with adoption across 
all three models. The purchase price of EVs is currently higher than for 
comparable petrol-powered vehicles and thus it was hypothesised that 
consumers with higher incomes would be more favourable to purchasing EVs 
(Caulfield, Farrell & McMahon 2010; Musti & Kockelman 2011; Potoglou & 
Kanaroglou 2007). Previous research has also failed to confirm a relationship 
between income and behaviour towards EVs (Hidrue et al. 2011; Plötz et al. 
2014). Hidrue et al. (2011) found that having a higher income decreased 
support for EVs, while Plötz et al. (2014, p. 98) did ‘not find any evidence that 
household income influences the likelihood of EV adoption’. The findings from 
this thesis support the view that income is not a key determining factor in 
influencing utility associated with purchasing an EV, adding to the ongoing 
debate.  
 
In summary, a key take-away point from this thesis is that sociodemographic 
characteristics have the potential to significantly influence behaviour towards 
EVs. Consequently, it is not just the attributes of vehicles, but the situations in 
which individuals find themselves, that influence behaviour. However, as 
outlined above, there is no consensus in the role of sociodemographic 
characteristics in consumer behaviour and this may differ greatly depending 
on the population of interest. This is particularly relevant in a country like 
Australia, with its limited experience with EVs. 
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6.2.6 The relationship between sociodemographic 
characteristics and the constructs of the Theory of 
Planned Behaviour  
 
In addition to their influence on utility, the fifth research question aimed to 
investigate the role of sociodemographic characteristics in influencing the 
constructs of the TPB. As outlined in Chapter 2, the TPB does not specify from 
where behavioural, normative and control beliefs originate. Instead, the theory 
suggests a number of possible background factors, including 
sociodemographic characteristics, which may influence their development.  
 
Further, as discussed in Section 6.2.5, there is a large degree of uncertainty 
around the role of sociodemographic characteristics in influencing adoption of 
EVs. While a number of sociodemographic characteristics have been shown 
to influence the decision-making process, this thesis focused on the role of 
gender, age, education, family status and income (Delang & Cheng 2012; 
Hidrue et al. 2011; Nigbur, Lyons & Uzzell 2010; Ozaki & Sevastyanova 2011; 
Plötz et al. 2014; Ziegler 2012). Specifically, it was hypothesised that in 
addition to directly influencing utility, these five factors would influence all three 
constructs of the TPB, being attitude, subjective norms and perceived 
behavioural control.  
 
The results of the HCM showed that all five sociodemographic characteristics 
have a significant role in influencing at least two of the three constructs of the 
TPB (H5.1, H5.2, H5.3, H5.4 and H5.5). Given inconsistencies in the literature 
on the role of sociodemographic characteristics, this finding was not surprising 
and supports the belief that there is significant heterogeneity in behaviour 
towards EVs, based on the circumstances of consumers. 
 
In reviewing the role of sociodemographic characteristics, being a male 
participant was found to have a significant role in influencing attitude and 
subjective norms, but was found to be insignificant in influencing perceived 
behavioural control. The results indicate that females hold a more positive 
attitude towards EVs, but male consumers have more support from friends and 
family in purchasing an EV. The results also indicate that both males and 
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females are equally placed to control the purchase decision. As highlighted in 
Section 6.25, previous studies have examined the role of gender in relation to 
EVs, with mixed findings.  
 
In contrast to gender, age was found to have a significant role in influencing all 
three constructs. Age was found to have a negative influence on attitude and 
subjective norms. This result provides support for the belief that younger 
consumers have a more positive attitude towards EVs and receive more 
support from friends and family if they were to purchase an EV. In contrast, 
age was found to have a positive and significant influence on perceived 
behavioural control. This finding suggests that although older consumers have 
weaker attitudes and have a less supportive network, they have more control 
over the actual decision-making process, supporting previous findings 
(Achtnicht, Bühler & Hermeling 2012; Ziegler 2012). 
 
Education was found to have a significant and positive effect on all three 
constructs of the TPB. The participants with a tertiary education or higher held 
more favourable attitudes, would receive more positive support from friends 
and family and hold greater perceived control over the purchase of an EV, than 
did other participants. This result supports previous research that has 
emphasised the importance of education in adopting EVs (Mohamed et al. 
2018).  
 
Family status, in particular the presence of dependent children, was found to 
have a significant positive influence on attitude towards EVs. As suggested in 
Section 6.2.5, these participants may feel favourably towards EVs because of 
the environmental benefits and desire to preserve the environment for future 
generations. In contrast, the presence of dependent children was found to 
have a significant negative influence on subjective norms towards EVs. This 
result implies that the friends and family of participants with dependent children 
may not be supportive of the adoption of EVs. Despite recording a significant 
influence on attitude and subjective norms, having dependent children did not 
have a significant effect on perceived behavioural control.  
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Finally, income was found to have a significant positive influence on the 
perceived behavioural control over purchasing an EV. The role of income was 
in line with expectation, with a higher income increasing the financial capability 
to purchase an EV. However, the relationship between income and both 
attitude and subjective norms was found to be significantly negative. This 
result implies that consumers with higher incomes do not hold positive 
attitudes towards EVs and their family and friends are less supportive of EV 
adoption. As discussed in Section 6.2.5, previous research on the adoption of 
EVs has promoted mixed opinions on the role of income. For example, 
Mohamed et al. (2016) reported that income had no significant effect on their 
participants’ intention to adopt EVs in Canada. The results of this thesis add to 
the ongoing debate on the role of income in determining EV adoption. 
 
6.2.7 The influence of vehicle preferences and driving habits 
The final research question aimed to investigate the role of vehicle preferences 
and driving habits in influencing the price sensitivity and WTP for EVs and their 
attributes. A number of different makes and models of vehicles are available 
in the Australian market, across various price points and it was therefore 
expected that consumers with different vehicle preferences, habits and uses 
for their vehicle would respond to the price of EVs in different ways. 
Accordingly, it was hypothesised that the value consumers place on the 
attributes of EVs is dependent on their preference for vehicles and driving 
habits. 
 
To address this research question, a subgroup analysis was completed, with 
interactions between four constructs and purchase price estimated in MNL2. 
The four interactions consisted of consumers’ preferences for vehicle size, 
preference for vehicles as a mode of transport, vehicle ownership and vehicle 
usage, measured by the average kilometres driven per day. As presented in 
Chapter 5, only two constructs were found to have a significant interaction with 
purchase price at the 95 per cent confidence level.  
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The first significant interaction was recorded between a participant’s 
preferences for vehicle size. Specifically, a significant interaction was recorded 
between a participant’s desire to purchase a large vehicle as the next vehicle 
purchased, partially supporting hypothesis H6.1. The second significant 
interaction was recorded between a participant’s preference for vehicles as 
their preferred mode of transport and EVs, supporting hypothesis H6.3. Both 
these constructs recorded a negative interaction with purchase price, 
indicating that consumers with these preferences are more sensitive about the 
price of EVs, than are other consumers. 
 
First, the results of this thesis add to the debate on the importance of vehicle 
size in influencing the adoption decision. The results suggest that consumers 
of larger vehicles value EVs and their attributes differently to other consumers. 
To date, only a few studies have explored the role of vehicle size in EV 
adoption (Achtnicht, Bühler & Hermeling 2012; Choo & Mokhtarian 2004; 
Hackbarth & Madlener 2016; Hess et al. 2012; Higgins, Mohamed & Ferguson 
2017; Mohamed et al. 2018). The importance of vehicle size may be a result 
of the fact that consumers of larger vehicles have to make greater trade-offs 
between the attributes of EVs compared with conventional petrol-powered 
vehicles, across key attributes such as driving range. Alternatively, its 
importance may be driven by the attitudes and meanings associated with EVs. 
For example, Choo and Mokhtarian (2004, p. 212) reported that ‘large car 
drivers tend to have weaker pro-environmental and pro-high density attitudes’. 
Similarly, Hackbarth and Madlener (2016) found that German consumers who 
intended to purchase a small vehicle are also more likely to choose an EV, 
suggesting that EVs are associated with city driving. At the time of the 
research, two of the three EV models available in the Australian marketplace 
were small-sized vehicles and this offers a possible explanation for the 
significance of a preference for large vehicles in that EVs might be associated 
with small vehicles. As the number and variety of EV models available for 
purchase in Australia increases, this scenario may change. 
 
Second, the role of belonging to a multi-vehicle household and the associated 
price sensitivity was also explored as part of this research. A number of earlier 
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studies focused on investigating multi-vehicle households, believing that they 
would be more accepting of the limited driving range of EVs, as they could be 
used as secondary vehicles (Axsen, Goldberg & Bailey 2016; Beggs, Cardell 
& Hausman 1981; Calfee 1985; Nayum, Klöckner & Mehmetoglu 2016; Peters 
& Dütschke 2014). For example, Nayum, Klöckner and Mehmetoglu (2016) 
found that Norwegian consumers of EVs own significantly more vehicles than 
do owners of conventional petrol-powered vehicles. In another study, Axsen, 
Goldberg and Bailey (2016) reported that early adopters of EVs in Canada are 
more likely to live in multi-vehicle households. Contrary to these studies, 
opponents of this view, including Hidrue et al. (2011) and Ewing and Sarigöllü 
(1998), have reported that for consumers in the US and Canada, owning 
multiple vehicles is not an important driver of EV adoption.  
 
As reported in Chapter 5, vehicle ownership did not record a significant 
interaction with purchase price. Consequently, the role of belonging to a multi-
vehicle household remains unclear. Ongoing research is therefore required to 
understand the role of vehicle ownership. Given EV adoption in Australia is 
extremely low, the market is the ideal place to continue ongoing research, as 
adoption builds from this low base.  
 
Third, the significance of preferences for vehicles as a mode of transport 
demonstrates that an individual’s preferences for a vehicle, over any other 
form of transport can be used to help explain the decision-making process. 
This finding supports those of earlier research in that individuals who have a 
stronger preference towards their vehicle hold more negative evaluations of 
EVs (Morton, Anable & Nelson 2016a). An explanation for the significance of 
vehicle preferences may lie in the fact that these consumers perceive they 
need to make greater trade-offs between the attributes of EVs compared with 
conventional petrol-powered vehicles and perceive greater risks with 
purchasing an EV (Oliver & Rosen 2010). An alternative explanation may lie 
in the fact that these consumers place symbolic, emotive and instrumental 
meaning on conventional vehicle ownership, in contrast to the meanings 
associated with EVs (Morton, Anable & Nelson 2016a).  
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Finally, the number of kilometres driven by participants and its role on 
influencing WTP for EV attributes was also investigated. Vehicle usage has 
been found to be a key barrier to EV adoption, with consumers who drive large 
distances more hesitant to adopt EVs because of limited fuel availability and 
the associated range anxiety (Lim, Mak & Rong 2014; Potoglou & Kanaroglou 
2007). However, contrary to this belief, Plötz et al. (2014) reported that early 
adopters of EVs in Germany were more likely to travel a significant number of 
kilometres annually. They identified this group as being a plausible group of 
early adopters because of the economic benefits of potential savings from 
EVs. Similarly, Hidrue et al. (2011) found that consumers who make one or 
more frequent long trips, over 100 miles a month, are more inclined to adopt 
EVs. They provided a similar explanation to that of Plötz et al. (2014), who 
suggested participants who travel longer distances see a greater economic 
benefit from EVs because of the increased fuel savings. Given the limited 
range of EVs and availability of recharging options in Australia, it was 
hypothesised that participants’ WTP for EVs and their attributes would be 
dependent on vehicle usage. As presented in Chapter 5, the interaction with 
price and vehicle usage, particularly driving less than 25 kilometres per day on 
average was found to be insignificant and further research is required to 
understand the role of vehicle usage in influencing adoption. 
 
6.3 Contributions to knowledge 
This research was able to make a number of important theoretical and 
management contributions to knowledge. These contributions are presented 
in the following sections. 
 
6.3.1 Theoretical contributions 
6.3.1.1 Overview of theoretical contributions 
The thesis extends knowledge on the adoption of EVs through the 
development of an original conceptual framework, investigating the role of both 
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vehicle attributes and psychological constructs. In particular, the research 
thesis makes the following six theoretical contributions: 
 
1. Developed and validated an original framework depicting Australian 
consumers’ adoption of EVs, incorporating both observed and 
psychological constructs, as represented by the TPB. As far as the author 
is aware, is the first application of the HCM including the TPB in this 
context. 
2. Broadened knowledge on consumer adoption of EVs, by providing direct 
insight into the value Australian consumers place on the attributes of EVs. 
3. Applied the TPB to investigate the role of attitudes, subjective norms and 
perceived behavioural control in predicting intention of the Australian 
consumer to purchase an EV. As far as the author knows, this is the first 
application of the TPB in this context. 
4. Extended knowledge on the influence of sociodemographic characteristics 
and their role in influencing the adoption of EVs in the context of the 
Australian consumer. The research demonstrated that EV adoption in 
Australia is significantly influenced by the circumstances in which 
consumers find themselves. 
5. Built on knowledge of the relationship between sociodemographic 
characteristics and the constructs of the TPB in the context of the adoption 
of EVs in Australia. 
6. Expanded knowledge on the consumer decision-making process across 
subgroups of the Australian population, providing direct insights into the 
role of vehicle preferences and driving habits in determining willingness to 
pay for EVs and their attributes. 
 
Each of the six contributions are discussed in the subsections below. 
 
6.3.1.2 An original framework for electric vehicle adoption  
Guided by the knowledge of the importance of both vehicle attributes and 
psychological constructs in EV adoption, the thesis developed an original 
framework investigating the role of these two constructs. As highlighted in 
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Chapter 2, vehicle attributes are integral to the decision-making process 
regarding EV adoption. Likewise, the importance of psychological constructs, 
such as attitudes, is known. Through the validation of the conceptual 
framework, this thesis was able to demonstrate the role of psychological 
constructs in influencing decision making, alongside traditional observable 
factors, such as vehicle attributes. While all three constructs of the TPB were 
found to significantly influence intention, the results suggest that attitudes 
towards adoption and subjective norms are more influential than perceived 
behavioural control. By including psychological constructs, this thesis provides 
a richer framework for the investigation of constructs influencing EV adoption. 
 
Further, while the idea of jointly modelling attributes and psychological 
constructs is not new, this research study is one of the very few to maintain 
the underlying theoretical framework guiding their inclusion. To date, studies 
applying a HCM have devoted little or no attention to the theoretical model of 
decision making that underlies the empirical work’ (Roberts, Popli & Harris 
2018, p. 300). The majority of applications to date have tended to simplify 
significantly the cognitive theories motivating the use of HCMs. Consequently 
‘much of the behavioural richness captured originally in these theories through 
the complex interplay between different psychological constructs has often 
been lost as a consequence of these simplifications’ (Vij & Walker 2016, p. 
215).  
 
At the time of the research, only a single study had incorporated the TPB in a 
DCM, maintaining Ajzen’s (1991) proposed structure between constructs. In 
that application, the TPB was applied to investigate departure time choice 
(Thorhauge, Haustein & Cherchi 2016). Previous applications exploring EV 
adoption have touched on elements of the TPB, including attitudes, but no 
study had included all three constructs (Bolduc, Boucher & Alvarez-Daziano 
2008; Kim, Rasouli & Timmermans 2014; Mabit et al. 2015; Smith et al. 2017; 
Soto, Cantillo & Arellana 2014). By including the intention to purchase an EV, 
as determined by attitude, subjective norms and perceived behavioural control, 
this thesis was able to demonstrate that the inclusion of the TPB improved the 
model performance relative to both a basic MNL and the MNL including 
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interactions. In doing so, this thesis answers the call of Vij and Walker (2016) 
and is the first of its kind to apply HCM to investigate the adoption of EVs, 
maintaining the relationship between TPB constructs. Consequently, this 
thesis provides an enriched framework for concurrently investigating the role 
of both observable and psychological constructs. 
 
Finally, through the development and validation of the conceptual framework, 
this thesis contributes to the existing knowledge of choice modelling, applying 
HCM in a new context. There have been several applications of the HCM in 
recent years, applying it across a range of areas including travel mode choice 
and vehicle ownership, demonstrating the potential benefits of jointly modelling 
observable and psychological constructs (Daziano & Bolduc 2013; Kim, 
Rasouli & Timmermans 2014; Paulssen et al. 2014; Vij & Walker 2016). This 
thesis was able to successfully apply the HCM in a new context and 
demonstrate improved predictive ability over the simple MNL model.  
 
6.3.1.3 Valuing the attributes of electric vehicles 
This research contributes to the growing body of knowledge into the adoption 
of EVs by providing direct insight into the value Australian consumers place on 
the attributes of EVs. Building on knowledge regarding the barriers and 
motivators promoting adoption, this thesis provides original insights and up-to-
date knowledge into how the Australian consumer behaves towards five 
fundamental attributes of EVs. The attributes studied include purchase price, 
cost of ownership, vehicle driving range, emissions and vehicle performance, 
as measured by vehicle acceleration time. Through the estimation of both a 
MNL and HCM, this research thesis confirmed that all five attributes play a 
significant role in influencing the decision-making process and EV adoption for 
the Australian consumer. Further, by estimating consumers’ WTP for each 
attribute the thesis provides insights into the value Australian consumers place 
on improvements in each attribute. 
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6.3.1.4 Application of the Theory of Planned Behaviour 
The findings presented in this thesis provide support for the application of the 
TPB to explain intention towards purchasing an EV. The TPB has been widely 
applied to investigate transport mode choice, but at the time of the research, 
the TPB had not been used to investigate Australian consumers’ adoption of 
EVs in this context. Prior to the completion of this thesis, the theory had been 
applied to investigate intention to adopt EVs only in overseas markets. 
 
Through the validation of the TPB and HCM, this thesis supports the 
application of the TPB to Australian consumer’s intention to purchase an EV. 
The results revealed that attitudes, subjective norms and perceived 
behavioural control all play a significant role in the formation of a consumer’s 
intention to purchase an EV (Ajzen 1991). Even though all constructs were 
found to be significant, attitudes and subjective norms were more influential in 
determining intention. The strength of attitudes in influencing intention to 
purchase an EV has been cited across other markets, but the role of subjective 
norms and perceived behavioural control indicate that Australian consumers 
respond differently (Mohamed et al. 2016; Moons & De Pelsmacker 2012). 
This finding provides original insight into the Australian consumers’ decision-
making process.  
 
6.3.1.5 The role of sociodemographic characteristics in the adoption of 
electric vehicles 
There has been much debate in the literature over the role of 
sociodemographic characteristics in influencing consumer behaviour towards 
EVs (Anable 2005; Hidrue et al. 2011; Mohamed et al. 2016). Research to date 
has attempted to profile potential adopters of EVs, based on their 
sociodemographic characteristics. Studies have commonly focused on 
gender, age, income and education as determinants of adoption (Carley et al. 
2013; Hackbarth & Madlener 2013; Hidrue et al. 2011; Plötz et al. 2014). In 
particular, there is limited understanding of the role sociodemographic 
characteristics play in the Australian consumer’s decision-making process.  
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This thesis contributes to the existing knowledge by providing direct insight into 
the role of sociodemographic characteristics in accelerating adoption of EVs. 
The findings include that gender, age, education and having dependent 
children all play a role in influencing this behaviour. In contrast, income was 
not found to have a direct influence on the utility associated to EV adoption. 
These findings extend the existing insights, reinforcing that the adoption of EVs 
is driven not only by preference for vehicles and their attributes, but is guided 
by the circumstances in which people find themselves. 
 
6.3.1.6 The role of sociodemographic characteristics and the Theory of 
Planned Behaviour  
Prior to the completion of this thesis, the role of sociodemographic 
characteristics and the influence of TPB constructs had not been investigated 
in the context of EV adoption in Australia. As highlighted in Chapter 2, the TPB 
proposes that a number of factors, including socioeconomic characteristics 
may influence beliefs, and thus the constructs of TPB. Based on knowledge of 
the importance of sociodemographic characteristics in EV adoption, this thesis 
included five variables in the HCM. Through their inclusion, this thesis is the 
first of its kind to demonstrate the significant role of gender, age, education, 
family status and income on the constructs of TPB, in the context of EV 
adoption.  
 
6.3.1.7 Vehicle preferences and driving habits 
The results of this thesis expand existing knowledge on a consumer’s decision-
making process towards EVs by demonstrating the important role of vehicle 
preferences and driving habits in influencing adoption. In doing so, this thesis 
answers the call of Hardman, Shiu and Steinberger-Wilckens (2016), who 
emphasised the significant limitations of most earlier studies, which have 
treated adopters of EVs as a homogenous group. The results of the thesis 
highlight the significance of consumers’ preferences for vehicles as a mode of 
transport, relative to other modes of transport, such as walking or cycling. 
Further, the results demonstrate the significance of consumers’ preference for 
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large vehicles. In contrast, a preference for small or medium-sized vehicles, 
belonging to a multi-vehicle household and having low vehicle usage were 
found to be insignificant at the 95 per cent confidence level. In light of this 
contribution, this thesis proposes that future research studies should account 
for this source of heterogeneity when investigating EV adoption. 
 
6.3.2 Management contributions 
To increase the adoption rates of EVs, it is vital that the automotive industry 
and governments alike adopt strategies based on up-to-date and targeted 
information on consumer preferences and decision-making processes. The 
results of this thesis provide guidance both to vehicle manufacturers for 
designing and effectively promoting EVs, and to governments for developing 
policy to support adoption. Specifically, given the insights derived, the thesis 
suggests a differentiated strategy for different groups of consumers, rather 
than a generic approach to promoting adoption. 
 
First, this thesis contributes to knowledge on the value Australian consumers 
place on the attributes of EVs. While there is an ever-increasing amount of 
research into the adoption of EVs, limited research has been completed 
providing direct insight into the behaviour of the Australian consumer. By 
including participants from across all states and territories in Australia, the 
thesis goes beyond previous research, which was focused on particular 
regions of Australia, including New South Wales, Western Australia and 
Queensland (Beck, Rose & Greaves 2017; Dini & Washington 2016; Smith et 
al. 2017). By examining the value consumers place on attributes of EVs, this 
thesis reinforces the significance of purchase price, total cost of ownership, 
driving range, environmental and vehicle performance. Rather than relying on 
knowledge of behaviour in other markets, the insights from this thesis may be 
used by both vehicle designers and manufacturers to prioritise the 
development of EV attributes that are most important to Australian consumers. 
This knowledge can also be used to enhance vehicle marketing through 
improved pricing or promotion strategies emphasising the most important 
attributes for Australian consumers.  
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Moreover, given the growth in renewable energy and motivation to reduce the 
environmental footprint, the government would benefit from an increased 
understanding of the value of EV attributes when developing policy to support 
adoption. For example, given the importance of driving range, governments 
could leverage the insights to mandate more charging stations.  
 
Second, through the validation of the conceptual framework, this thesis 
emphasises the significant role of psychological constructs in influencing the 
adoption of EVs. Based on the results, strategies focused on promoting 
adoption would benefit from focusing on improving the attitudes and subjective 
norms of consumers. For example, marketing campaigns could focus on 
improving individual attitudes and perceived social pressures towards 
purchasing an EV. This may include developing promotional campaigns that 
emphasise the benefits to the individual, as well as the social perception of 
purchasing an EV across family and friends. As emphasised by Hardman, Shiu 
and Steinberger-Wilckens (2016), the industry should not view adopters of EVs 
as one homogenous group. Findings from this thesis provide original insight to 
facilitate targeted and differentiated strategies for different groups of 
consumers. 
 
Third, this thesis provides a validated conceptual framework to concurrently 
investigate vehicle attributes, psychological constructs and individual 
characteristics and their influence on consumers’ behaviour. Given the rapid 
pace of development of EVs and supporting technology, there is a need for 
ongoing up-to-date knowledge on consumer preferences and the decision-
making process. The framework could be readily adopted across the industry 
to examine how consumers behave. The proposed framework could also be 
extended to model behaviour towards other products where it would be 
beneficial to understand the role of both observable and psychological 
constructs. For example, government agencies could use the framework to 
explore behaviour towards new policies and legislation to promote the 
adoption of other environmentally sustainable products. 
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Fourth, by incorporating sociodemographic characteristics into the conceptual 
framework, the thesis provides direct insight into the role of individual 
characteristics and circumstances in influencing the decision-making process. 
The thesis demonstrates the importance of sociodemographic characteristics, 
thus emphasising the importance of these constructs in the design, 
development and promotion of EVs. For example, increasing age was found 
to have a negative influence on attitudes towards EVs, but a positive influence 
on perceived behavioural control. Designers and manufacturers of vehicles 
could use this knowledge to develop vehicles that align with the needs and 
preferences of different market segments. Similarly, marketing professionals 
could use this knowledge to develop targeted promotion campaigns for 
particular sociodemographic segments, such as male consumers. 
Governments and policy makers could use the additional knowledge and 
insight in policy development, such as targeting younger or older consumers 
through incentives. 
 
In another example, this thesis was able to provide guidance to management 
on the role of income for Australian consumers in EV adoption. Income has 
been suggested by some as a significant determinant in EV adoption, given 
the higher purchase price of EVs relative to conventional petrol-powered 
vehicles.  From the results, income was not found to have a direct influence 
on utility of purchasing an EV, but was found to play a significant role in guiding 
the constructs of the TPB. Marketing professionals could use this knowledge 
to develop promotional campaigns to target high income earners, focused on 
improving the attitude and subjective norms associated with EV adoption. This 
may include such measures as reframing the importance of EV adoption to 
environmental improvements and the responsibility of high-income earners to 
take pro-environmental action (Whillans, Wispinski & Dunn 2016). 
Governments could also use this additional knowledge and insight in policy 
development, such as penalising high income earners who do not purchase 
EVs through additional taxation measures. 
 
Finally, based on the study results, this thesis reinforces the significance of 
vehicle preferences and driving habits in the adoption of EVs. As outlined in 
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Section 6.2.7, preference for vehicles as a mode of transport and large 
vehicles was significant in determining the WTP for EVs and their attributes. 
Manufacturers, marketing professionals and the industry as a whole can use 
this knowledge to develop tailored vehicles at the appropriate price points, with 
supporting marketing campaigns to improve the rate of adoption. 
 
6.4 Research limitations 
There were several limitations associated with this research that must be 
recognised, including the recruitment of participants, experimental design and 
estimation of the HCM.  
 
First, consideration needs to be given to the minor differences observed 
between the sample population and the population of interest. Further, the use 
of a third-party research company to recruit participants restricted the sample 
population to existing members of the company’s database. Similarly, by 
completing the research on an online medium, only those participants with 
access to a computer, tablet or mobile device, with internet access, could 
participate. While the sample can be regarded as representative of the 
population of interest as presented in Chapter 5, future studies should 
incorporate a larger sample size, specify additional quota requirements and 
include a paper-based alternative in a mixed-mode study to overcome these 
limitations (Greenlaw & Brown-Welty 2009; Rübsamen et al. 2017). 
 
Second, while attributes were selected to be representative of vehicles in the 
Australian market, this study focused only on two EVs, across five attributes. 
Although the research specifically targeted behaviour towards the EV in 
comparison to conventional petrol-powered vehicles, it must be acknowledged 
that other vehicle types are available in the Australian market place, such as 
diesel-fuelled vehicles. While there is debate about the benefits gained by 
including additional vehicles and attributes and the potential cognitive burden 
on participants, further research could be completed on a larger number of 
vehicles and attributes to understand decision making across a more 
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comprehensive set of variables (Arentze et al. 2003; DeShazo & Fermo 2002; 
Rose et al. 2009).  
 
Third, it should be acknowledged that this thesis applied a fractional factorial 
design in the development of the choice scenarios. As outlined in Chapter 4, 
this design was considered suitable given the lack of knowledge of prior 
parameters. Future studies may be improved by implementing an efficient 
design. Efficient designs have the potential to ‘produce lower standard errors’ 
compared with an orthogonal design and these ‘lower standard errors translate 
into significant decreases in sample size for achieving the same level of 
statistical significance in estimation’ (Bliemer & Rose 2011, p. 77).  
 
Fourth, the focus of this thesis was on behavioural intention rather than actual 
behaviour. The TPB has been criticised for the potential hypothetical bias 
associated with self-report measures and discrepancy between intention and 
behaviour, while participants in a choice experiment may be prone to 
hypothetical bias (Ajzen 2011; Ajzen, Brown & Carvajal 2004; Fifer, Rose & 
Greaves 2014). Given the low adoption rates of EVs in Australia, verification 
of actual purchase behaviour was not possible in this instance. If adoption 
rates improve, it would be beneficial to test this framework in conjunction with 
actual purchases. 
 
The selection of the TPB to represent the psychological constructs also 
presents another limitation associated with the thesis. As outlined in Chapter 
2, the TPB has been heavily criticised (Ajzen 2011; Conner & Armitage 1998). 
Criticisms include the assumption of rationality, the inability to account for 
emotions or past behaviours and the ability to predict intentions (Ajzen 2011). 
Several studies have presented potential opportunities to improve the 
explanatory power of the TPB by including additional variables such as 
environmental concern (Paul, Modi & Patel 2016), emotions (Moons & De 
Pelsmacker 2012), personal moral norms (Wang et al. 2016) or past behaviour 
(Bamberg, Ajzen & Schmidt 2003). Further research testing the proposed 
expanded TPB models and alternative frameworks has the potential to reveal 
additional insights into the decision-making process. 
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Similarly, the knowledge and insight gained from the TPB was limited by the 
ability to capture its constructs. As identified by Hess and Beharry-Borg (2012, 
p. 131), ‘the performance of the model depends to a large extent on the quality 
of the information captured in the responses to the attitudinal questions’. While 
every effort was made to ensure the measures of the TPB were based on 
proven and tested items and scales as outlined in Chapter 4 a small number 
of items were removed to improve model performance. Additional 
improvements could be made to the questionnaire and selection of 
measurement items to enhance the overall performance of the model.  
 
The final limitation associated with the completion of the research was the 
application of the MNL model in the HCM framework. The MNL has been 
criticised for providing a ‘simple but often unrealistic representation of 
individual behaviour’ (Paulssen et al. 2014, p. 875). In particular, the MNL 
model does not ‘accommodate heterogeneity or correlation among individuals 
and/or observations through random parameters or error components’ (Yáñez, 
Raveau & Ortúzar 2010, p. 746). The capabilities of existing software limit the 
application of more advanced models. As the functionality of available software 
improves, additional research should be completed testing more advanced 
models. 
 
6.5 Areas for further research 
In light of the above limitations, this section presents an overview of 
opportunities for additional research to expand the body of knowledge. 
 
First, future studies could explore the proposed conceptual framework across 
a larger and more diverse sample. Although quotas were established to ensure 
the sample was representative of the population of interest, there were 
limitations associated with the recruitment strategy, as outlined above. 
Extending the proposed framework across a larger sample would provide the 
opportunity to test whether the relationships hold, while also providing the 
opportunity to investigate additional differences across consumers. 
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Additional insights could also be gained by completing multi-national research, 
applying and comparing the proposed framework across multiple markets. As 
highlighted in Chapter 2, extensive research has been undertaken on 
consumer behaviour towards EVs in overseas markets. However, only a small 
number of studies have directly compared behaviour across markets 
(Helveston et al. 2015; Tanaka et al. 2014; Zhang et al. 2014). Applying the 
proposed framework from this thesis across other markets, such as developing 
nations where there is rapid growth in vehicle ownership, has the potential to 
provide additional insight into the determinants of adoption. 
 
Further, additional research should explore how behaviour changes over time 
and if the insights from this thesis remain valid. The thesis provides only a 
snapshot of behaviour at a single point in time. EVs are evolving at a rapid 
pace and society’s overall knowledge and awareness of EVs is increasing 
quickly. Completing a longitudinal study, may provide further insight into the 
role of knowledge and experience in influencing adoption. It will also provide 
insight into how preferences change over time, assisting in the prediction of 
future adoption rates. 
 
A focus of future research should also be to explore behaviour across a wider 
range of vehicles and attribute combinations. Although this thesis focused on 
EVs in direct comparison to conventional petrol-powered vehicles, future 
studies could include a greater variety of vehicle types, such as diesel, HEV or 
biofuel. This may also include research into the role of vehicle quality, such as 
the difference between luxury and budget vehicles. As presented in Chapter 
2, consumer behaviour towards EV attributes is complex and ongoing research 
is required.  
 
There are now more EV models available for purchase in Australia than when 
data collection occurred. At the time of the research, only three models of EVs 
were available for purchase as new vehicles. As the number of EVs available 
for purchase increases, further research will be required to investigate 
consumers’ responses to each attribute and to understand the level of variation 
across the Australian population and models. 
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A key limitation of the research was the use of stated preference data and self-
report measures. The stated preference nature means participants may have 
responded to questions in a way that did not actually reflect behaviour. 
Although the research was completed anonymously in an effort to compensate 
for any effects of bias, further research should be completed applying the 
framework to data on revealed preference and actual behaviour. Supporting 
qualitative analysis, such as interviewing consumers who recently purchased 
an EV could also be completed. 
 
Another area of further research may be the application of an expanded TPB 
framework. Previous research exploring the application of the TPB and 
intention has expanded the traditional TPB to incorporate additional elements 
such as environmental concern  and emotions (Moons & De Pelsmacker 2012; 
Wang et al. 2016). These studies have suggested that inclusion of additional 
constructs improves the explanatory power of the model (Moons & De 
Pelsmacker 2015; Wang et al. 2016). Additional research should test whether 
the conceptual framework proposed in this thesis can also be improved by 
extending the TPB.  
 
It would also be beneficial to investigate other psychological behaviour 
frameworks in comparison with the TPB. As reviewed in Chapter 2, alternative 
behavioural frameworks such as the VBN , DOI or the inclusion of symbols 
and self-identity have been used to explain the psychological elements of 
behaviour (Axsen & Kurani 2012; Graham-Rowe et al. 2012; Rogers 2003; 
Skippon & Garwood 2011; Stern et al. 1999). Comparing the TPB to other 
behavioural theories in the HCM framework has the potential to provide 
additional insights into the decision-making process and what constructs lead 
to behaviour and adoption. 
 
Furthermore, the TPB and HCM framework could be considered in conjunction 
with other behavioural change theories and models (Fishbein & Yzer 2006; 
Michie, van Stralen & West 2011). Behavioural change theories and models 
attempt to explain why behaviours change and can assist in providing 
guidance to the development of successful interventions (Fishbein & Yzer 
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2006; Michie, van Stralen & West 2011). Knowledge gained from the HCM 
framework and other change theories and models could lead to improved sales 
and marketing strategies and help overcome the gap between intention and 
EV adoption. 
 
Finally, as highlighted above, the thesis was limited to the application of the 
MNL in the HCM framework. Further research comparing the results obtained 
from the developed HCM in comparison with other models accounting for 
unobserved heterogeneity, such as the mixed MNL model, may offer additional 
insights (Yáñez, Raveau & Ortúzar 2010). 
 
6.6 Conclusion 
To advance the understanding of the adoption of EVs, this thesis developed 
and validated an original conceptual framework to investigate the role of both 
observable variables and psychological constructs. Rather than simplifying the 
psychological constructs, the conceptual framework maintained Ajzen’s (1991) 
proposed relationships between TPB constructs. The conceptual framework 
was tested via an innovative HCM that incorporated intention and the 
constructs of the TPB into a DCM. By incorporating the TPB, the HCM was 
able to provide novel insights into Australian consumer behaviour and the 
decision-making process towards EV adoption. 
 
The results of the HCM revealed that both observable and psychological 
constructs play a key role in influencing behaviour. The attributes of EVs 
including, purchase price, operating costs, driving range, emissions and 
acceleration time were all found to be significant in determining consumer 
behaviour. The results of this thesis also reinforce the role of intention in 
influencing behaviour, with attitude found to play a dominant role in predicting 
intention, as proposed by the TPB. Sociodemographic characteristics of 
gender, age, income, education and family status were also found to influence 
the constructs of the TPB and utility associated with adoption. It can therefore 
be concluded that it is not just the features of vehicle and preference, but also 
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the situation in which consumers find themselves, as depicted by 
sociodemographic characteristics, that guides the decision-making process. 
 
In addition, the research contributed to the literature by providing important 
insights into the differences in consumers’ price sensitivity and WTP for EVs 
and their attributes. The results revealed that consumers with a preference for 
vehicles as a mode of transport and those wanting to purchase a large vehicle 
as their next vehicle purchased, were more price sensitive regarding EVs. 
 
In a world seeking reduced greenhouse emissions, EVs powered by 
sustainable energy sources represent the future of personal travel. This thesis 
has shown how that might be achieved in the Australian market, by 
understanding the characteristics of EVs in combination with individual 
sociodemographic and psychological constructs, across a heterogeneous 
group of consumers. In doing so, this thesis makes significant contributions to 
both industry and scholars and it is hoped that it will stimulate further research 
on EV adoption.  
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APPENDIX 1 QUESTIONNAIRE 
 
An example of the questionnaire presented to participants is provided below. 
 
ELECTRIC VEHICLES: UNDERSTANDING CONSUMER BEHAVIOUR     
This questionnaire is part of a PhD research project examining consumer behaviour toward 
purchasing vehicles in Australia. The research is funded entirely by Deakin University. 
   
You have been selected because you are an Australian adult who may own or plan to 
purchase a motor vehicle. You are not obliged to take part in the study and participation is 
entirely up to you. 
 
If you agree to participate, please complete this questionnaire which has four parts: 
 
• Part 1: Background information on you   
• Part 2: Choosing a new vehicle   
• Part 3: Your views on electric vehicles   
• Part 4: Your transport preferences and usage     
 
Please click on the link below to see a copy of the Plain Language Statement which 
identifies the purpose of the study, clarifies what will be required of you as a participant, 
explains participant confidentiality and your right to withdraw from the study at any time. 
 
If you agree to participate in the study, please indicate our acceptance below:          
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CONSENT   
 
I have read, and I understand the attached Plain Language Statement. 
  
I freely agree to participate in this project according to the conditions in the Plain Language 
Statement. 
  
If desired I am able to print or download a copy of the Plain Language Statement and 
Consent Form to keep. 
  
The researcher has agreed not to reveal my identity and personal details, including where 
information about this project is published, or presented in any public form.   
o Yes  
o No  
 
 
SECTION 1 - BACKGROUND INFORMATION ABOUT YOU      
 
The following questions are for statistical purposes and will help me understand the sample 
of respondents.        
Simply read each question and select the answer that best describes you.      
  
 
What is your gender? 
o Male  
o Female  
 
What is your current age in years? (ie 45) 
________________________________________________________________ 
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Please indicate your highest level of education (include the degree you are currently working 
on)? 
o Year 11 or below  
o High School (year 12)  
o TAFE/Diploma  
o Bachelor degree  
o Master degree or doctorate  
o None of the above  
 
Please select the category that best reflects your family status? 
o Single  
o Couple with dependent children  
o Couple without dependent children  
o Single parent  
o Other  
 
Which state or territory do you currently live in? 
o Victoria  
o New South Wales / ACT  
o Queensland  
o Western Australia  
o South Australia  
o Tasmania  
o Northern Territory  
 
What is your annual family household income from all sources before taxes (in dollars i.e. 
$50,000)? 
________________________________________________________________ 
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SECTION 2 - CHOOSING A NEW VEHICLE      
 
Imagine you are purchasing a brand-new vehicle (car).  You can choose one of the three 
cars in the questions below. The cars will either be 'Petrol' powered or 'Electric' powered 
vehicles, meaning:   
       
• Petrol Engine (Engine fuelled by petrol) 
• Electric (Electric vehicle powered by an electric battery and also features a plug-in 
charger)           
 
Each of the cars also has distinctive features, as shown in the table.  All other features (e.g. 
colour, seating etc.) are the same for the three cars.        
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.    
 
Note: You will be required to answer 9 questions in this section 
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Choice Scenario (nine choice scenarios per respondent) — 1        
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
  
CO2 emissions include tailpipe emissions and emissions from power generation  
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric  
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Choice Scenario (nine choice scenarios per respondent) — 2              
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
 
CO2 emissions include tailpipe emissions and emissions from power generation  
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric  
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Choice Scenario (nine choice scenarios per respondent) — 3                    
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
 
CO2 emissions include tailpipe emissions and emissions from power generation  
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric  
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Choice Scenario (nine choice scenarios per respondent) — 4              
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
 
CO2 emissions include tailpipe emissions and emissions from power generation  
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric  
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Choice Scenario (nine choice scenarios per respondent) — 5                   
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
 
CO2 emissions include tailpipe emissions and emissions from power generation   
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric  
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Choice Scenario (nine choice scenarios per respondent) — 6                 
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
  
CO2 emissions include tailpipe emissions and emissions from power generation  
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric  
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Choice Scenario (nine choice scenarios per respondent) — 7                   
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
 
CO2 emissions include tailpipe emissions and emissions from power generation  
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric  
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Choice Scenario (nine choice scenarios per respondent) — 8                    
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
 
CO2 emissions include tailpipe emissions and emissions from power generation  
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric 
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Choice Scenario (nine choice scenarios per respondent) — 9                    
 
Please review the features for each car and then select the one that you would most likely 
purchase if you had to choose.  
 
CO2 emissions include tailpipe emissions and emissions from power generation  
* Total running costs includes fuel, tyres, service and repair costs 
o Car 1 - Petrol Engine  
o Car 2 - Electric  
o Car 3 - Electric  
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SECTION 3 - YOUR VIEWS TOWARDS ELECTRIC VEHICLES       
The following questions will ask you about your views towards electric vehicles.      
 
Simply read each question and select the answer that best reflects your views       
 
Section 3.1      
For me purchasing an electric vehicle would be…       
    
 
Very bad 
  
 1 
 
Bad 
  
 2 
 
Somewhat 
bad 
     
3 
Neither 
good or 
bad 
  
 4 
 
Somewhat 
good 
  
 5 
 
Good 
  
 6 
 
Very good 
  
 7 
Bad – Good         
 
  
 
Very 
foolish 
  
 1 
 
Foolish 
  
 2 
 
Somewhat 
foolish 
     
3 
Neither 
wise or 
foolish 
  
 4 
 
Somewhat 
wise 
  
 5 
 
Wise 
  
 6 
 
Very wise 
  
 7 
Foolish – 
Wise  
       
 
 Very 
unfavourable 
  
 1 
 
Unfavourable 
  
 2 
 
Somewhat 
unfavorrable 
     
3 
Neither 
favorrable or 
unfavourable 
  
 4 
 
Somewhat 
favourable 
  
 5 
Favourable 
  
 6 
Very 
favourable 
  
 7 
Unfavourable – 
Favourable  
       
 
 
 
Very 
unpleasant 
  
 1 
 
Unpleasant 
  
 2 
 
Somewhat 
unpleasant 
     
3 
Neither 
pleasant 
or 
unpleasant 
  
 4 
Somewhat 
pleasant 
  
 5 
Pleasant 
  
 6 
 
Very 
pleasant 
  
 7 
Unpleasant – 
Pleasant  
       
 
 
 
Very 
harmful 
  
 1 
 
Harmful 
  
 2 
 
Somewhat 
harmful 
     
3 
Neither 
harmful or 
beneficial 
  
 4 
Somewhat 
beneficial 
  
 5 
Beneficial 
  
 6 
 
Very 
beneficial 
  
 7 
Harmful – 
Beneficial  
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Section 3.2 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
Public opinion 
will affect my 
decision to 
purchase an 
electric vehicle 
       
 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
My family will 
raise 
objections 
against 
purchasing an 
electric vehicle 
       
 
 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
My friends will 
find it weird 
that I’m 
purchasing an 
electric vehicle 
       
 
   
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
Most people 
who are 
important to 
me would 
support that I 
purchase an 
electric vehicle  
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Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
I believe that 
many of the 
people that are 
important to 
me are 
considering 
purchasing 
electric 
vehicles 
       
 
 
 
 
Section 3.3 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
If I wanted, I 
can purchase 
and electric 
vehicle 
       
 
 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
It is mostly up 
to me whether 
I purchase an 
electric vehicle 
       
 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
For me to 
purchase an 
electric vehicle 
is easy 
       
 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
My freedom to 
purchase an 
electric vehicle 
is high 
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Section 3.4 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
I have the 
intention to 
purchase an 
electric car in 
the next 1–5 
years  
       
 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
I expect that I 
will be 
purchasing an 
electric car in 
the next 1–5 
years 
       
 
 
 
Strongly 
Disagree 
  
 1 
 
Disagree 
 
 
 2 
 
Slightly 
Disagree 
  
 3 
Neither 
Agree or 
Disagree 
  
 4 
 
Slightly 
Agree 
  
 5 
 
Agree 
  
 6 
 
Strongly 
Agree 
  
 7 
When I 
purchase my 
next vehicle, I 
want to buy an 
electric vehicle 
       
 
 
To show that you are reading these instructions, please leave this question blank.   
________________________________________________________________ 
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SECTION  4 – PREFERENCE FOR VEHICLES AS A MODE OF TRANSPORT AND 
DRIVING HABITS          
 
The following questions will ask you about your preference for vehicles as a mode of 
transport and usage.     
 
What is required is to simply read each question and then provide an answer that best 
reflects your current situation    
 
What is your preferred mode of transport? 
o Personal vehicle  
o Bus  
o Train  
o Walking  
o Cycling  
o Tram  
o Motorcycle  
o Other  
 
 
How many drivers (with a current license) are there in your household?   
o 1  
o 2  
o 3  
o 4  
o 5+  
o None  
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How many vehicles are currently owned by members of your household?     
o 1  
o 2  
o 3  
o 4  
o 5+  
o None  
 
 
How many kilometres on average do you drive in your personal vehicle per day? (Please 
enter in number of kilometres i.e. 50)   
________________________________________________________________ 
 
 
What type of car do you next wish to own, according to the following criteria? 
 
Vehicle Type Examples of vehicle models 
Light/Small 
Mazda 2, Toyota Yaris, Hyundai i20, Suzuki Swift, Honda Jazz, 
Volkswagen Polo, Holden Barina, Kia Rio 
Medium 
Toyota Camry, Mazda 6, Hyundai i45, Volkswagen Passat, Ford 
Mondeo 
Large 
Holden Commodore, Toyota Aurion, Ford Falcon, Mercedes-Benz 
C200 
 
o Light/small  
o Medium  
o Large  
o Other (not listed) 
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Please rate your interest in electric vehicles?     
o 1 - Not interested  
o 2 - Slightly interested  
o 3 - Somewhat interested  
o 4 - Moderately interested  
o 5 - Very interested  
 
 
It is vital that this study collects accurate information. In your honest opinion, should we use 
your data in our analysis in this study?      
o 1 - Yes  
o 2 - No  
 
 
 
THANK YOU VERY MUCH FOR YOUR PARTICIPATION 
   
 If you have any complaints about any aspect of the project, the way it is being conducted or 
any questions about your rights as a research participant, then you may contact: 
The Manager, Ethics and Biosafety, Deakin University, 221 Burwood Highway, Burwood 
Victoria 3125, Telephone: 9251 7129, research-ethics@deakin.edu.au    
 
Please quote project number [BL-EC1-15]. 
 
If you require any further information, wish to withdraw or have any problems concerning this 
project, please don’t hesitate in contacting the researcher at jndav@deakin.edu.au.  
 
 
 
 
